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This  report  covers  the  development,  simulation,  evaluation,  and 
implementation  design  of  a video  bandwidth  reduction/compression 
technique  for  use  in  remotely  piloted  vehicle  systems. 

The  bandwidth  reduction  technique  discussed  is  frame  rate  reduction, 
The  range  of  frame  rates  from  8 per  second  to  1/4  per  second  are 
evaluated . 
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The  bandwidth  compression  technique  selected  is  cosine 
trans f orm/DPCM  encoding.  A range  of  parameters  are  evaluated; 
final  parameters  which  provide  satisfactory  performance  even 
under  high  error  rate  conditions  are  512  elements  per  scan  line, 
480  scan  lines  per  frame,  one  frame  per  second  and  one  bit  per 
picture  element.  Under  these  conditions  the  baseband  bandwidth 
is  under  250  kHz  using  the  conservative  assumption  of  one  bit 
per  Hertz. 

The  design  of  a computer  and  I/O  facility  for  generation'  of 
video  tapes  simulating  compression  as  applied  to  USAF  provided 
flight  film  strips  is  described.  Ten  parameter  variations  were 
applied  to  each  of  ten  film  strips. 

The  resultant  simulations  were  eacl  evaluated  by  8 observers 
(military  pilots).  The  results  from  which  optimum  parameters  are 


defined  are  included. 

Results 

for  the  optimum 

parameters  are: 

S imulat ion 

Mean 

(To  Target) 

Standard 

Deviation 

Time 

(SEC) 

S lant 
Range  (FT) 

Time 

(SEC) 

Distance 

(FT) 

Baseline  (PCM,  24FPS ) 

18.1 

12,579' 

1.47 

1,014 

Cosine/DPCM 

512  x 1;  BER  = 0 

15.8 

11,005 

1.13 

780 

EL/Line  Bit/PEL 

* 

512  x 1;  BER  = 10-4 

15.1 

10,526 

1 . 52 

1,049 

512  x 1;  BER  = 10"3 

14.7 

10,253 

1.38 

952 

512  x 1;  BER  = 10-2 

13 .0 

9,095 

0.97 

669 

An  all-digital  implementation  of  the  coder  is  developed  which 
provides  high  reliability  and  minimizes  the  need  for  maintenance 
and  adjustment  under  field  conditions.  With  a reasonable  amount 
of  LSI  circuitry  only  two  5"  x 10"  PC  boards  and  a miniature  power 
supply  are  required.  The  anticipated  volume  is  150  cubic  inches 
and  power  dissipation  is  31  watts. 

An  analog  implementation  is  presently  being  developed  which 
will  require  only  one  4"  x 8"  PC  board  and  will  consume  less  than 
10  watts . 
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A sensor  which  can  be  read  out  at  slow  frame  rates  is 
recommended,  particularly  the  presently  emerging  solid  state 
devices.  If  it  is  necessary  to  use  the  encoder  with  a conven- 
tional TV  camera,  a frame  memory  is  recommended.  This  device 
adds  90  cubic  inches  and  35  watts  to  the  above  estimate. 

If  target  tracking  is  required,  the  frame  rate  should  be 
raised  to  8 frames  per  second,  while  a reduction  in  resolution 
to  256  x 240  appears  satisfactory  due.  to  the  usual  decrease-  in 
field  of  view.  Therefore,  with  the  same  coding  algorithm,  the 
baseband  bandwidth  still  remains  under  450  kHz. 
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Summary 


The  program  objective  was  to  develop  a video  bandwidth 
reduction  and  compression  system  which  would  permit  the  use 
of  anti-jam  protection  of  the  video  transmission  channel  of 
a remotely  piloted  vehicle  (RPV) . The  technique  which  was 
developed  uses  low  camera  frame  rate  for  bandwidth  reduction 
(relative  to  the  conventional  T.V.  frame  rate  of  30  per 
second) . A frame  rate  of  one  per  second  was  found  to  be 
optimum  by  "flying"  simulated  missions  using  Air  Force  supplied 
film  strips  as  input  material. 

The  selected  bandwidth  compression  technique  uses  a 
combination  of  Cosine  Transform  Encoding  and  Differential 
Pulse  Code  Modulation  (DPCM) . Figure  1 shows  how  video 
generated  by  line  scanning  (Figure  1-A)  is  first  sampled  to 
form  discrete  Picture  Elements  (PELS)  as  in  Figure  IB. 

Horizontal  segments  of  32  PELS  are  subjected  to  a discrete 
cosine  transform  which  operates  on  the  PELS  with  a succession 
of  cosine  terms  harmonically  related  to  the  segment  length. 

The  result  is  a series  of  cosine  term  coefficients  with  an 
amplitude  distribution  as  shown  in  Figure  1-C.  The  statistics 
of  the  coefficients  is  such  that  the  amplitudes  of  the  lower 
frequency  terms  are  greatest,  hence  the  transform  spectrum 
"energy"  is  concentrated  at  the  lower  frequencies.  Fortunately, 
it  is  possible  to  truncate  the  coefficients  by  dropping  higher 
frequency  terms  with  minimal  effect  on  picture  quality.  Also, 
when  the  coefficients  are  digitized,  additional  savings  can 
be  realized  by  amplitude  quantizing  the  higher  frequency  terms 
to  low  precision. 

The  transform  coefficients  have  a high  degree  of  vertical 
( line-to-line)  correlation  and  hence  their  differences  are 
small  (Figure  1-D) . DPCM,  which  encodes  differences, is  a 
highly  efficient  method  for  transmitting  the  transform  coeffici- 
ents. In  the  present  system,  DPCM  encodes  the  difference 
between  the  values  of  a particular  transform  coefficient  of 
two  vei'tically  adjacent  segments.  Proper  selection  of  DPCM 
parameters  for  each  coefficient  results  in  bandwidth  saving. 

For  the  system  developed  on  the  present  program  an  average 
of  one  bit  per  PEL  is  adequate  to  produce  performance  com- 
parable to  6 bit  per  PEL  Pulse  Code  Modulation  (PCM) , the 
system  usually  used  as  a basis  for  comparing  compression 
techniques . 
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ANALOG  VIDEO  SIGNAL  (A) 

Conventional  525  line,  4.5  MHz 
Video  Signal 


SAMPLED  VIDEO  SIGNAL  (B) 

16  segments  of  32  samples  per 
line.  32  PELs  x 6 B/PEL  = 192 
bits  per  segment  or  about  1.5 
x 10°  bits  per  picture. 
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DISCRETE  COSINE  TRANSFORM  (C) 

32  coefficients  - laterally 
decorrelated  - vertically  correlated 
energy  concentrated  in  low  order 
coefficients . 


0— 


COEFFICIENT  DIFFERENTIALS  (D) 

Differences  between  the  First  17 
coefficients  on  successive  scan 
lines  - average  of  1 bit/PEL,  32 
bits  per  segment,  or  0.25  x 10^ 
bits  per  picture. 
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COSINE  TRANSFORM/DPCM  ENCODING 
Figure  1 
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A laboratory  T.V.  facility  was  constructed  to  simulate 
the  entire  system  including  the  cosine  transf orm./DPCM  encoder 
and  decoder  and  also  a data  link  with  error  contamination. 

All  system  parameters  such  as  frame  rate,  resolution,  encoding 
precision,  DPCM  prediction  coefficient,  transform  parameters 
and  data  link  bit  error  rate  could  be  and  in  fact  were  varied 
during  the  program.  Simulator  output  was  stored  on  video  tape. 
Input  video  was  generated  from  Air  Force  supplied  film  strips 
taken  during  flight  over  terrain  containing  typical  targets. 

Performance  of  the  Cosine  Trans form/DPCM  system  was 
measured  by  having  trained  military  flight  officers  "fly" 
simulated  missions  using  the  video  tapes  described  in  the 
previous  paragraph  as  input  material. 

The  final  system  parameters  were  selected  by  a three 
step  process.  In  a first  truncation  effort  single  frames 
from  the  Air  Force  film  strips  were  processed  and  recorded  as 
photographic  positives.  Project  staff  personnel  viewed  these 
photos  and  selected  those  prints  which  retained  the  best 
target  discrimination  among  the  various  combinations  of 
parameters . 

A second  truncation  further  narrowed  the  possible 
parameter  values.  Laboratory  personnel  flew  simulated 
missions  using  video  tapes  and  also  viewed  static  scenes  to 
determine  limits  of  error  rate  which  could  be  tolerated. 

The  first  two  truncations  produced  a narrow  range  of 
parameters  which  were  used  in  detailed,  statistically  meaning- 
ful! simulated  RPV  flights  by  military  flight  officers.  The 
subjects  read  a prepared  Air  Force  statement,  received  a 
verbal  briefing  and  then  viewed  a simulated  mission  on  a TV 
monitor.  The  time  interval  between  start  of  run  and  recog- 
nition of  the  target  was  recorded  for  each  subject.  Each  run 
of  a given  set  of  parameters  used  8 subjects  and  12  different 
film  strips,  two  of  which  were  used  to  train  the  subjects. 

Aeronutronic  Ford  developed  an  all-digital  implementation 
of  the  overall  system  because  such  a system  would  require  no 
adjustment,  would  be  insensitive  to  environmental  conditions, 
and  would  be  easy  to  repair  by  plug-in  replacement.  An 
optional  frame  memory  is  included  for  presently  available 
cameras  which  operate  at  a high  frame  rate.  With  large  scale 
integration  (LSI),  two  5"  x 10"  boards  and  a miniature  power 
supply  would  be  required  with  a resultant  volume  of  150  cubic 
inches  and  31  watts  of  power.  The  optional  memory  would  add 
90  cubic  inches  and  35  watts. 
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LSI  development  would  be  approximately  $600,000. 
Production  costs  per  unit  in  50  unit  quantity  would  be 
$1900  per  airborne  unit  (no-memory)  and  $19,000  per 
ground  terminal. 

Aeronutronic  Ford  is  presently  developing  an  imple- 
mentation which  would  require  only  one  4"  x 8"  board, 
would  consume  less  than  10  watts  of  power  and  is  estimated 
to  cost  approximately  $1200  per  unit  in  production. 
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1.0  INTRODUCTION 

This  report  describes  the  Video  Image  Bandwidth 
Reduction/Compression  Study  (USAF  Contract  F33657-75-C-0353 ) 
as  performed  by  the  Communication  Systems  Division  of 
Aeronutronic  Ford.  The  results  obtained  are  presented  in 
detail . 

The  objective  of  this  program  is  to  develop  a video 
bandwidth  reduction  and  compression  technique  suitable  for 
use  in  remotely  piloted  vehicle  systems.  The  purpose  of 
reducing  the  video  system  bandwidth  is  to  make  possible 
anti-jam  protection  on  the  RPV  video  data  link.  The  per- 
formance of  the  reduction/compression  technique  is  demon- 
strated and  verified  by  computer  simulation. 

The  Video  Image  Bandwidth  Reduction/Compression  Study 
consists  of  four  tasks  as  outlined  below  and  described  in 
detail  in  subsequent  sections  of  this  report. 

Task  A - Preparation  of  the  Simulation 

This  task  includes  the  design  and  assembly  of  the 
simulation  equipment  used  to  demonstrate  the  bandwidth 
reduction/compression  technique. 

Task  B - Experimental  Design  and  Test  Plan 

Under  this  task  a detailed  experimental  design  plan  was 
developed  for  collection  and  analysis  of  human  subject 
responses  to  the  simulator  presentations. 

Task  C - Image  Quality  Analysis 

The  simulations  of  the  reduction/compression  technique 
generated  with  tlr  equipment  prepared  in  Task  A were  evaluated 
by  gathering  s’*  jectivt  responses  according  to  the  test  plan 
developed  in  Ta^k  B. 

Task  D - Implementation  Study 

A practical  implementation  of  the  reduction/  compression 
technique  was  developed  and  a cost  estimate  prepared. 
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2.0  REDUCTION/COMPRESSION  ALGORITHM 

2.1  COMPARISON  OF  COMPRESSION  TECHNIQUES 

2.1.1  Adaptive  Compression  Techniques 

Adaptive  video  compression  techniques  essentially  adjust 
themselves  to  the  statistics  of  the  video  signal  being  trans- 
mitted. As  a result  , the  number  of  bits  per  picture  element 
can  vary  considerably  within  a single  frame,  depending  on  picture 
content.  If  the  frame  rate  is  maintained  constant,  the  data 
bit  rate  will  therefore  vary  with  picture  content.  Adaptive 
video  compi’ession  techniques  are  potentially  capable  of  pro- 
viding considerably  higher  compression  than  non-adaptive  com- 
pression techniques.  However,  the  statistic  dependent  number 
of  bits  per  picture  element  and  the  variable  output  data  rate 
produce  a serious  drawback  for  the  remotely  piloted  vehicle 
application.  The  disadvantage  is  that  picture  element  rate, 
line  rate,  and  possibly  frame  rate,  are  no  longer  cyclic.  If 
the  bit  rate  were  constant,  as  in  the  non-adaptive  system,  vital 
timing  parameters,  such  as  end  of  line,  end  of  frame,  etc., 
can  be  anticipated  in  the  ground  display  system  once  synchron- 
ization is  established,  even  inthe  presence  of  jamming  or  loss 
of  sync  due  to  other  causes.  Conversely,  the  adaptive  system 
cannot  anticipate  sync  data  and  integrate  a number  of  predict- 
able sync  codes. 

Among  the  compression  techniques  which  are  adaptive  by 
nature  are  Run  Length  and  Bit  Plane  Run  Length  Encoding.  Other 
techniques  can  be  made  adaptive  at  the  cost  of  considerable 
increase  in  hardware  complexity. 

2.1.2  Non-Adaptive  Compression  Techniques 

The  non-adaptive  compression  techniques  have  a feature 
in  common  which  is  highly  desirable  in  an  RPV  system;  namely, 
the  bit  rate  and  the  number  of  bits  per  picture  element  are 
constant.  This  feature  is  desirable  in  that  the  system,  once 
synchronized,  is  highly  tolerant  to  temporary  loss  of  synchron- 
ization information  due  to  any  cause,  including  jamming. 

If  data  clock  integrity  is  maintained  during  jamming, 
the  receiver  video  sync  circuits  can  continue  to  count  data 
clock  pulses  and  stay  correctly  referenced  to  the  transmitter 
video  sync  generator.  To  ensure  this  sync  continuity  a Loss  of 
Spread  Spectrum  Sync  signal,  if  available  from  the  spread 
spectrum  receiver,  can  force  the  video  sync  circuits  to  assume 
that  they  are  locked.  True,  as  in  any  system,  video  data  will 
be  lost  during  a loss  of  spread  spectrum  sync.  However,  correct 
video  will  very  quickly  be  obtained  as  soon  as  spread  spectrum 
receiver  sync  is  restored.  At  worst,  a minor  line  sync  correc- 
tion might  be  necessary.  This  is  considerably  better  than 
requiring  complete  video  resynchronization  as  would  be  the  case 
with  an  adaptive  compression  system.  This  resync  operation 
could  take  several  one-second  frame  intervals. 

The  most  common  of  the  non-adaptive  coding  techniques  are 
Differential  Pulse  Code  Modulation  (DPCM) , Interpolation. 
Prediction,  and  the  more  recently  developed  category  of  Transform 
Coding.  2-1 
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2.1.3  Selection  of  the  Candidate  Compression  Technique 

For  a Riven  number  of  bits  per  picture  element, 
adaptive  and  non-adaptive  coding  techniques  provide  approxi- 
mately equivalent  picture  quality.  Adaptive  techniques  can 
reduce  the  required  bit  rate  when  the  picture  statistics 
permit,  while  the  non-adaptive  technique  requires  the  same 
bit  rate  as  required  for  a more  complex  picture.  However, 
this  constant  bit  rate  is  considered  desirable  for  the  RPV 
application  because  of  the  degree  of  sync  independence 
provided.  Therefore, a non-adaptive  compression  technique 
was  selected. 

Aeronutronic  Ford  has,  over  the  past  15  years, 
developed  a comprehensive  library  of  photographs  of  the 
results  of  a wide  variety  of  compression  techniques,  whether 
simulated  by  computer  or  produced  by  actual  hardware.  To 
this  were  added  photographs  processed  by  transform  coding 
algorithms,  in  particular  the  Cosine  Trans form/'DPCM  coding. 
This  formed  a data  base  from  which  to  select  the  candidate 
compression  technique.  In  addition  , the  literature  on 
the  subject  was  thoroughly  reviewed. 

The  factors  brought  to  bear  in  the  selection  of  the 
candidate  technique  from  this  data  base  included  efficiency 
(picture  quality  versus  bits  per  picture  element),  complexity 
(amount  of  hardware  required  to  implement  the  encoder) , and 
susceptibility  to  channel  errors.  The  result  of  this  evalu- 
ation was  the  selection  of  the  Cosine  Transf orm/DPCM  com- 
pression technique  as  the  subject  for  the  RPV  Sensor  Image 
Bandwidth  Reduction/Compression  Study. 

2.2  BANDWIDTH  REDUCTION 

Bandwidth  reduction  for  purposes  of  the  study  program 
was  defined  as  any  method  which  provides  a reduction  in  the 
amount  of  data  that  must  be  transmitted  other  than  that  coding 
algorithm  which  operates  directly  on  the  video  signal  to 
remove  the  intraframe  redundancy. 

2.2.1  Frame  Rate 

Based  on  the  reported  results  of  other  evaluations  of 
observer  performance  as  a function  of  frame  rate,  and  verified 
by  this  study,  it  was  determined  that  30  motion  frames  per 
second  are  in  excess  of  that  required  for  the  RPV  application. 
It  is  essential  that  the  physical  display  be  refreshed  at 
30  frames  per  second  to  provide  adequate  luminance  together 
with  flicker-free  performance;  however,  the  displayed  data  can 
be  updated  less  frequently  and  still  support  adequate  observer 
performance . 
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Frame  rates  between  8 and  1/4  frames  per  second  were 
initially  considered  as  the  range  to  be  investigated  as 
described  in  Section  5. 

Note  that  reducing  the  frame  rate  is  independent  of 
target  location,  size,  or  contrast.  Vehicle  velocity  is  the 
only  dependent  feature.  For  a given  altitude  and  flight 
profile,  the  required  motion  frame  rate  varies  with  vehicle 
velocity.  The  evaluations  in  this  program  were  performed  at 
simulated  equivalent  velocity  of  about  410  knots. 

Frame  rate  reduction  was  found  to  be  a viable  method 
of  bandwidth  reduction. 


a 


In  the  study  the  24  frame  per  second  motion  picture 
films  were  electronically  processed  and  displayed  to  the 
subjects  at  reduced  frame  rates.  The  subjective  performance 
achieved  verifies  that  reduction  of  the  transmitted  and 
displayed  frame  rate  is  a satisfactory  method  of  bandwidth 
reduction  for  briefed  targets. 

2.2.2  Supplemental  Bandwidth  Reduction  Techniques 

Other  methods  of  bandwidth  reduction  were  considered. 

They  can  be  divided  into  two  categories;  those  which  affect 
the  video  signal,  and  those  which  require  peripheral  equip- 
ment and  processes . 

The  bandwidth  reduction  techniques  which  operate 
directly  on  the  video  signal  include  (among  others)  variable 
resolution  and  reduced  gray  scale.  Resolution  in  itself  was 
one  of  the  simulation  parameters;  that  is,  the  image  resolution 
was  varied  to  determine  performance, but  was  homogenous  within 
a frame.  It  may  be  postulated  that  the  resolution  need  not  be 
kept  homogenous  within  a frame, but  could  be  reduced  considerably 
at  the  edges.  This  technique  is  commonly  known  as  foveal 
viewing.  In  fact, the  higher  resolution  area  of  the  field  of 
view  (foveal  area)  can  be  made  positionable  under  control  of 
the  ground  pilot. 

Critical  examination  of  the  test  film  revealed  two 
features  which  mediated  against  the  recommendation  of  the  foveal 
technique.  First,  the  target  often  became  initially  identifiable 
at  the  edge  of  the  film  frame  which  in  a foveal  implementation 
would  naturally  be  the  lower  resolution  region  and, therefore, 
identification  would  be  delayed.  This  delay  would  be  the  same 
as  if  the  entire  field  of  view  were  displayed  at  the  reduced 
resolution.  Second,  the  erratic  aircraft  motion  often  caused 
the  target  to  jump  from  one  region  of  the  display  to  another 
during  the  time  when  it  was  just  beginning  to  be  identifiable. 

The  effect  of  the  reduced  resolution  might  again  cause  delays 
in  the  identification  of  the  target  to  the  same  extent  as 
reduced  resolution  over  the  entire  field  of  view. 
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If  the  RPV  flight  path  and  stability  can  be  planned 
and  controlled  to  cause  the  target  to  appear  in  the  foveal 
region,  the  lower  resolution  region  might  be  useful  for 
bandwidth  reduction.  However,  that  this  is  possible  is  not 
apparent  from  the  film  strips.  If  a better  controlled  flight 
path  is  possible,  then  the  foveal  concept  can  be  implemented 
with  most  compression  techniques,  including  cosine  transform/ 
DPCM  coding. 

When  a foveal  window  which  can  be  positioned  by  the 
operator  is  subject  to  the  same  analysis  as  above,  there  is 
an  added  problem  in  that  if  an  erroneous  initial  target 
location  is  made  and  the  window  used  to  track  it,  the  true 
target  has  a high  probability  of  appearing  in  a lew  resolution 
area.  Again, this  concept  is  also  implementable  using  cosine 
transform/DPCM  coding. 

Based  on  the  above  rationale,  foveal  viewing  was  not 
included  in  the  simulations. 

Zoom,  the  controlled  change  in  the  viewing  angle, 
appears  to  have  considerable  merit.  However , zooming  requires 
an  a priori  knowledge  of  the  target  location  and  then,  not 
only  must  the  field  of  view  be  altered,  but,  it  is  likely 
that  the  direction  of  the  optical  axis  must  also  be  changed 
to  center  the  narrower  field  of  view  around  the  target.  The 
goal  of  this  study  is  to  compress  the  system  base  bandwidth 
without  adversely  affecting  time  to  detect  the  target.  But 
it  is  not  until  after  this  initial  detection  that  zoom  can  be 
profitably  employed.  Now, if  after  the  time  has  been  spent  in 
accomplishing  zoom  and  redirecting  the  optical  axis  on  becoming 
oriented  to  the  narrow  field  of  view, it  is  determined  that  an 
incorrect  ident if icatiom  has  been  made, as  verified  by  the  zoom 
view,  the  time  lost  together  with  that  required  for  reorientation 
to  the  full  field  of  view  can  result  in  loss  of  the  target. 

This  conclusion  was  reached  from  examining  the  film  strip. 

Fur thermore , zoom  is  provided  by  switching  to  the  Maverick  or 
Hobo  weapon  sensors, if  desired. 

Based  on  the  above  rat iona le , zoom  was  not  included  as  a 
study  parameter, although  simulations  of  the  zoom  function  were 
made . 

Grey  scale  ranges  or  step  sizes  can  be  varied  to  reduce 
the  number  of  bits  required  to  describe  a picture  element.  In 
the  cosine  transform/DPCM  coding  simulations  it  was  decided  to 
vary  the  DPCM  coding  precision  ins tead , wh ich  produces  a related 
effect . 
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As  far  as  cueing  aids  such  as  correlators  or  pattern 
recognition  are  concerned,  the  variety  of  the  specific  targets 
depicted  in  the  film  strips  indicates  that  the  sophistication 
of  these  devices,  to  be  useful,  is  far  beyond  the  scope  of  this 
program.  Therefore,  they  were  not  considered  for  simulation. 

On  the  other  hand,  although  not  simulated,  Charge  Coupled 
Device  (CCD)  cameras  and  stabilized  gimballed  mounts  are  expected 
to  be  highly  desirable.  The  CCD  cameras  provide  simple  snapshot, 
and  slow  readout  features.  The  stabilization  removes  the  inherent 
jerkiness  due  to  extraneous  aircraft  motion,  while  gimballing 
permits  following  the  target  for  additional  verification. 

2.3  COSINE  TRANS FORM /DPCM  CODING 

2.3.1  Foundations 

On  the  basis  of  fixed  bit  rate,  encoding  efficiency, 
ease  of  implementation,  and  natural  noise  immunity,  the  technique 
selected  is  a hybrid  of  two  compression  techniques,  each  comple- 
menting the  other.  The  natural  element-to-element  correlation 
inherent  in  pictures  is  exploited  by  horizontal  one  dimensional 
cosine  transform  coding.  Differential  Pulse  Code  Modulation 
(DPCM)  coding  is  then  used’ to  take  advantage  of  line-to-line 
correlation  of  the  transform  coefficients.  Immunity  to  channel 
errors  is  effected  by  the  proper  selection  of  the  DPCM  pre- 
diction coefficient.  Recent  advances  in  integrated  circuit 
technology  will  make  a low  cost,  minimal  volume  implementation 
of  this  technique  practical. 

Both  DPCM  and  transform  coding  have  been  used  with  con- 
siderable success  for  coding  pictorial  data.  Both  systems 
have  seme  attractive  characteristics  and  some  limitations.  The 
transform  techniques  achieve  superior  coding  performance  at 
lower  bit  rates  (moderate  distortion  levels) . They  show  less 
sensitivity  to  data  statistics  ( picture-to-picture  variations) 
and  distribute  the  coding  degradation  in  a manner  less  objection- 
able to  a human  viewer,  and  so  are  less  vulnerable  to  channel 
noise  and  jamming.  On  the  other  hand,  DPCM  systems,  when 
designed  to  take  advantage  of  spatial  correlations  of  the  data, 
achieve  a better  coding  performance  at  a higher  bit  rate  (low 
distortion  levels).  The  equipment  complexity  and  the  delay  due 
to  coding  operation  is  minimal,  and  the  system  does  not  require 
the  memory  needed  in  two  dimensional  transform  coding  systems. 
Perhaps  the  most  desirable  characteristics  of  this  system  are 


the  ease  of  design  and  the  speed  of  the  operation  that  has 
made  the  use  of  DPCM  systems  popular  in  real  time  coding  of 
television  signals.  The  limitations  of  this  system  are  the 
sensitivity  of  the  DPCM  systems  to  picture  statistics,  and 
the  propagation  of  the  channel  errors. 

The  selected  candidate  compression  technique  is  a 
hybrid  system  consisting  of  a cascade  of  a unitary  trans- 
formation, followed  by  a DPCM  transformation  to  achieve  the 
desired  compressed  bandwidth  for  the  baseband  RPV  signal. 

The  hybrid  system  combines  the  attractive  features  of  both 
transform  and  DPCM  coding,  thus  achieving  good  coding  capa- 
bilities without  many  of  the  limitations  of  either  system. 

This  system  exploits  the  correlation  of  the  picture  data  in 
the  horizontal  direction  by  taking  a one-dimensional  trans- 
form of  each  picture  line  in  segments.  It  then  operates  on 
each  column  of  the  transformed  data  using  a DPCM  system.  The 
DPCM  system  quantizes  the  signal  in  the  transform  domain 
where  it  takes  advantage  of  the  vertical  correlation  of  the 
transformed  data  to  reduce  the  coding  error.  The  unitary 
transformation  involved  is  a one-dimensional  transformation  of 
individual  lines  of  the  pictorial  data,  thus  the  equipment 
complexity  and  the  number  of  computational  operations  is  con- 
siderably less  than  is  involved  in  a two-dimensional  transfor- 
mation. Habibid)  initially  studied  this  system  in  considerable 
detail;  he  found,  and  the  results  of  this  study  confirm,  that 
the  visual  effect  of  small  or  moderate  levels  of  channel  error 
was  negligible,  and  that  the  degradation  in  s igna 1-to-noise 
ratio  performance  was  also  small.  These  advantages;  simplicity, 
minimal  hardware,  excellent  performance,  make  the  hybrid  system 
particularly  suited  for  airborne  (RPV)  installation. 


1.  Habibi,  A.  "Hybrid  Coding  of  Pictorial  Data,"  Comm.  Tech 
COMM-22,  pp.  614-624,  May  1974. 
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2.3.2 


Implementation 


A block  diagram  of  the  hybrid  approach  is  shown  in 
Figure  2-1.  The  pictorial  data  is  raster  scanned  to  form  N 
lines  with  appropriate  vertical  resolution,  then  each  line 
is  sampled  at  an  appropriate  rate. 


Figure  2-1  Block  Diagram  of  Hybrid  Compression  System 


When  the  video  line  is  sampled  at  the  rate  of  P pels  per  line,  and 
N is  chosen  to  be  an  integer  such  that  these  are  n (=  P/N) 
segments  in  P.  A cosine  transform  of  size  N is  performed  on  each 
nth  segment.  From  line  to  line  the  coefficients  of  corresponding 
segments  are  encoded  in  a DPCM  quantizer  and  a code  word  generated 
for  each  differenced  value.  In  the  synthesizer  the  inverse 
functions  are  performed  to  reconstruct  the  video  segment.  The 
code  words  are  converted  to  differences  and  accumulated  in  a 
bank  of  integrators.  The  integrator  outputs  become  the  input  to 
the  universe  transform  which  generates  a segment  of  the  video 
line.  Juxtaposition  of  the  successive  segments  creates  the 
composite  video  line. 

2. 3. 2.1  Discrete  Cosine  Transform 

Two  different  types  of  discrete  cosine  transform  (DCT) 
are  useful  for  reduced  redundancy  television  image  transmission. 
Both  are  obtained  by  extending  the  length  N data  block  to  have 
even  symmetry,  taking  the  discrete  Fourier  transform  (DFT)  of 
the  extended  data  block,  and  saving  N terms  of  the  resulting  DFT. 
Since  the  DFT  of  a real  even  sequence  is  a real  even  sequence, 
either  DCT  is  its  own  inverse  if  a normalized  DFT  is  used. 

The  "Odd  DCT"  (ODCT)  extends  the  length  N data  block  to 
length  2N-1,  with  the  middle  point  of  the  extended  block  as  a 
center  of  even  symmetry.  The  "Even  DCT”  (EDCT)  extends  the  length 
N data  block  to  length  2N , with  a center  of  even  symmetry  located 
between  the  two  points  nearest  the  middle.  For  example,  the  odd 
length  extension  of  the  sequence  ABCisCBABC,  and  the  even 
length  is  C B A A B C.  In  both  cases,  the  symmetr izat ion 
eliminates  the  jumps  in  the  periodic  extension  of  the  data  block 
which  would  occur  if  one  edge  of  the  data  block 
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had  a high  value  and  the  other  edge  had  a low  value;  in  effect  it 
performs  a sort  of  smoothing  operation  with  no  loss  of  information. 
It  will  be  noted  that  the  terms  "odd"  and  "even"  in  ODCT  and  EDCT 
refer  only  to  the  length  of  the  extended  data  block  - in  both 
cases  the  extended  data  block  has  even  symmetry. 


Both  types  of  DCT  may  be  implemented  using  compact,  high 
speed,  serial  access  hardware,  in  structures  similar  to  those  which 
have  been  described  for  the  Chirp-Z  transform  (CZT)  implementation 
of  the  DFT . 

Let  the  data  sequence  be  g0,  g^  The 

ODCT  of  g is  defined  as 


-i2  fTnk 
2N-1 


f or  k = 0 , 1 , . . . , N-l 


n=-(N-l) 


where 


g_n  = g„  for  n = 0,  1,  N-l 


By  straightforward  substitution  it  may  be  shown  that 


N-l  -i27Tnk 

= 2Re  f e 2N  - 1 

K n=0  J 


where  'g'  is  defined  by 


Bn  = 


0.5  gn,  n = 0 


gn,  n=l,  . . . , N - 1 


The  EDCT  is  g is  defined  by  equation  (3),  where  the  extended 
sequence  is  defined  by  equation  (4). 

-i^k  N-l  -i2fnk 

Gk  = e 21  Be  SN  for  k = 0,  1,  . . . , N-l  (3) 

n=-N  n 


N.  J.  Whitehouse,  et  al; "High  Speed  Serial  Access  Linear 
Transform  Implementations"  Digital  Computer  Symposium 

January  1973 . 
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If  the  mutually  complex  conjugate  terms  in  equation  (3) 
are  combined,  then  equation  (5)  results.  Equation  (5)  may  be 
viewed  as  an  alternate  way  of  defining  the  EDCT 


Gr  = 2 Re 


(5) 


N-l 

= 2 51  gn  cos 

n=0 


2/nl  n + 0 . 5)k 
2N 


(2) 

Ahmed  has  investigated  the  use  of  the  EDCT  as  a substitute 
for  the  Karhunen-Loeve  transform  and  finds  that  it  is  superior  to 
the  Fourier  transform  and  is  comparable  to  the  Karhunen-Loeve  (K-L) 
in  rate-distortion  performance  while  maintaining  the  computation 
simplicity  of  a transform  which  does  not  depend  on  the  picture 
statistics.  Habibi  has  shown  by  simulation  that  the  DCT  is 

equivalent  in  a mean-square-error  sense  to  the  K-L  transform 
under  basis  restriction. 

The  effective  performance  of  the  transform  depends  on  the 
block  size-N. Wintz^")  concluded  that,  for  a fixed  coding  strategy, 
mean  square  error  improves  with  increasing  N up  to  N = 16,  but 
that  beyond  N = 16  there  is  no  significant  improvement. 
Alternatively,  subjective  quality  is  independent  of  N,  for  N > 16. 
Therefore  compression  potential  is  increased  by  utilizing  the 
longest  possible  block  size.  Conversely,  since  one  or  more  bit 
errors  in  the  block  can  cause  the  entire  decoded  block  to  be  in 
error,  the  block  size  should  be  short  to  guard  against  jamming 


3.  Ahmed, N.,  Natrajan,  T.,  and  Rao , K.  R.,  "Discrete  Cosine 
Transform,"  IEEE  Trans,  on  Computers,  Vol.  C-23,  pp.  90-93, 
January  1974. 

(1)  Op.  cited. 
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and  system  noise.  The  block  size  parameter  N is  selected  as 
a compromise  value  between  16  and  512  (the  minimum  line  size) 
to  provide  both  a high  degree  of  compression  potential  and 
protection  against  bit  errors.  In  the  current  study  the  value 
of  N = 32  was  used  for  the  transform  block  size  in  all  simula- 
tions . 


Though  there  are  no  restrictions  on  N,  if  N is  highly 
composite  (e.g.  n = 2k) , then  the  Fast  Fourier  Transform  may  be 
used  to  compute  the  coefficients  of  the  cosine  transform. 


In  this  particular  implementation  since  N = 32,  a modified 
odd  extension  of  the  data  is  employed  to  generate  64  data  samples. 
With  N = 64  a radix  4 (64  = 4^)  FFT  algorithm  is  employed  to 
generate  the  transform  coefficients. 


The  transform  coefficients  are  calculated  according  to 
the  following  equation: 


31  ^ 

Gj£  = 2 22  PEk(n)  • cos  2 II  n ,k 

n - 0 64 

n = 0,  1, 
k = 0,  1, 


31 

31 


(6) 


This  represents  an  even  implementation  of  the  Discrete 
Cosine  transform.  The  computations  are  performed  using  an  FFT 
algorithm,  which  significantly  increases  the  processing  speed 
and  which,  because  of  the  symmetry  property  of  the  data  and  the 
Hermetian  properties  of  the  discrete  transform  operations,  allows 
the  simultaneous  calculation  of  the  transform  coefficients  for 
two  segments  of  the  video  input. 

The  cosine  terms  are  stored  as  15  bit  fractional  numbers 
with  a scale  of  0.0000  to  0.5000.  The  magnitude  of  the  transform 
coefficients  is  bounded  by 

31 

2 J2  pEL(n)/2  or  11  bits  if 


all  PELs  are  equal  to  the  maximum  value  of  6 bits.  (PEL  values 
are  always  positive).  The  maximum  value  of  the  coefficients  is, 
therefore,  less  than  2048.  The  actual  magnitudes  observed  were 
considerably  less  than  this  "bound",  and  decreased  rapidly  with 
increasing  coefficient  number.  The  distribution  (variance)  and 
relative  range  of  the  coefficients  were  assumed  to  have  character- 
istics similar  to  those  described  by  Habibi^'.  This  distribution 
is  approximately  an  exponential  decaying  function  as  the  coeffi- 
cient number  increases.  The  variance  behaves  in  a similar  manner. 
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A histogram  analysis  was  performed  by  the  consultant  on 
this  contract,  Wintek  Corp.,  using  typical  photographs  of  varying 
complexities  to  develop  picture  statistics.  This  data  was  then 
employed  in  optimizing  the  coding  algorithm  in  terms  of  bit  assign- 
ments and  level  selection. 

♦ 

The  coding  used  in  our  simulation  is  non-uniform,  providing 
approximate  log  steps  between  levels.  A certain  amount  of 
"subjective  optimization"  was  applied  to  the  operational  system 
as  the  work  was  carried  to  completion.  This  was  in  part  necessi- 
tated by  certain  effects  which  only  became  apparent  by  observing 
the  motion  pictures. 

The  coding  used  is  shown  in  Table  2-1.  Table  2-1 
describes  the  quantization  used  as  function  of  the  bit  rate  and 
coefficient  number. 

2. 3. 2. 2 DPCM  Coding 

Differential  PCM  is  the  system  element  that  produces 
the  actual  bandwidth  reduction.  The  process  of  the  cosine  trans- 
form is  invertable  and  exact  (provided  all  the  G(n)  coefficients 
are  retained)  and  therefore  no  bandwidth  reduction  occurs.  The 
DCT  does  generate  sets  of  coefficients  which  are  highly  correlated 
from  line  to  line  for  corresponding  segments  of  successive  lines 
and  are  amenable  to  DPCM  coding.  DPCM  is, however,  not  exactly 
invertable  because  of  the  approximations  use  to  quantitize  the 
difference  between  coefficients.  It  is  this  approximation  which 
reduces  the  data  rate,  but  which  is  also  the  source  of  errors 
in  the  reconstructed  video  signal.  * 


where , 


D(n)k  = G(n)k  -B-G(n)k_1 

G(n)k  = n th  transform  cefficient  for  line  k. 

6(n)k-l  = reconstructed  n th  transform  coefficient  for  line  k. 
B(n)  = Prediction  coefficient. 
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Table  2-1 


Bit  Distribution  as  a Function  of  Coefficient  # 


Coef f . 

No.  2 bit /PEI.  1.0  bit/PEL  1.0  bit/ PEL  0.75  bit/PEL  0.5  bit/PEL 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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1 

1 

1 

1 
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3 

3 

3 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

0 


3 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Q 
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A line  of  video  is  divided  into  8 segments  of  32  samples.  Each 
segment  is  then  transformed  via  the  DCT  and  the  32  coefficients  are 
stored  into  memory.  The  DPCM  computes  a set  of  differences,  D(n)k, 
from  the  present  coef f ic ients ,G ( n)k , and  the  predicted  coefficients 
for  the  corresponding  segment  of  tne  previous  line.tUn)  . D(n)^  is 
then  quantitized  to  1)(n)k  and  added  to  the  previously  predicted  value 
to  produce  a quantitized  coefficent  for  the  present  line;  i.e., 

D(n)k  = G(n)g  - B-G(n)k_i 
G(n)k  = B-S(n)k_^  + D(n)k 

B(n)  is  the  binary  representation  of  the  quantitized  difference  D(n)k- 

If  we  think  of  the  transformed  video  as  k columns  of 
coefficients  Gk(n).  the  DPCM  operates  on  these  columns  to  produce 
€f(n)  k = G(n)k  - BG(n)k_i,  where  B,the  prediction  coef f icient , is 
a factor  less  than  unity.  The  accumulator  (integrators)  in 
both  the  transmitter  and  receiver  must  have  a decay  associated 
with  them  to  prevent  errors  from  accumulating  and  degrading  the 
picture.  Errors  occur  during  the  transmission  of  the  data  so 
that  the  requirement  for  a decay  factor  is  related  to  the 
receiver;  i.e.,  if  perfect  error-free  transmission  were  possible 
then  B could  be  set  to  unity.  Although  some  experimental  work 
has  been  done  which  indicates  that  the  optimum  value  of  B is  in 
the  vicinity  of  .85  to  .90,  for  this  particular  application  of 
value  of  .93  appeared  to  give  better  results.  One  limitation 
on  B is  derived  from  considering  the  magnitude  of  the  quantization 
levels.  For  example,  in  a uniform  field  with  approximately  equal 
values  of  G(n)k  and  G(n)k_j,  when  { G(n)k  - B G(n)k_^  | is 
greater  than  the  minimum  quantization  level  oscillations  will 
occur  in  reconstructed  image.  Depending  on  the  levels  of  the 
quantizer,  the  picture  content,  the  frame  rate,  and  the  BER, 
this  oscillation  effect  can  be  more  objectionable  than  a slow 
decay  of  errors.  Ideally, a unique  value  of  B should  be  selected 
for  each  of  quantizer  values  and  for  each  coefficient.  Some 
experimental  work  needs  to  be  done  to  determine  the  improvement 
that  could  be  obtained  and  to  select  the  values  of  B. 

The  most  critical  portion  of  the  DPCM  is  the  design  of  the 
quantizer.  For  the  coding  of  the  coefficient  differences  all 
levels  must  be  equally  likely.  Habibi^'  has  shown  that  for  a 
variety  of  pictures  the  differences  between  amplitudes  of 
coefficients  are  exponentially  distributed.  The  probability 
distribution  for  the  differences  is  assumed  to  be 


-<*jD(n)| 

P [D(n)  ]=  o(  • exp  where 

n 
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CX  is  the  variance  of  the  nth  coefficient.  oC  „ is  approximately 
e^ual  for  all  n,  although  the  average  amplitude  of  the 
coefficients  ~Kn  is  also  an  exponentially  decreasing  function 
of  n.  The  quantizer  levels  Qn>  must  then  be  exponentially 
distributed  over  a range  - Q(n)  max  to  Q(n)  max  where  Q(n)  max 
decreases  for  increasing  n. 

The  quantizer  values  selected  for  the  study  system  are 
shown  in  Table  2-2.  In  this  system  the  levels  are  distributed 
logarithmically  over  the  maximum  range,  but  the  range  is 
changed  as  a function  of  the  bit  precision  used  to  encode  the 
differences.  Since  more  bits  are  used  to  describe  the  lower 
order  coefficients  than  the  high  order  coefficients,  the  range 
is  decreased  as  a function  of  coefficient  number.  The  selection 
of  the  numbers  (quantitative  levels)  was  first  attempted  by 
approximating  the  function 


was  determined  by  examining  the  range  of  the  coefficients  and 
the  range  of  differences  for  samples  of  video  used  in  this 
study.  As  stated  earlier , these  levels  were  then  optimized 
subjectively  by  evaluations  of  the  reconstructed  image.  In 
general,  the  results  of  the  subjective  evaluation  indicated  that 
the  minimum  step  size  should  be  less  than  that  which  would  be 
obtained  from  the  equation  above,  however  the  higher  levels  were 
not  altered.  In  fact, small  changes  in  the  higher  levels  made 
little  or  no  difference  in  picture  quality.  In  fact  the  size 
of  the  max  difference  has  more  effect  than  the  spacing  of  the 
levels . 

In  the  receiver  an  inverse  process  takes  place  as  shown 
below . 


The  bit  stream  is  converted  into  quantitized  differences ,Dn , which 
are  then  accumulated  with  the  previous  corresponding  coefficient 
to  produce  a replica  (approximately)  of  the  original  input  sample. 
The  quantization  table  used  in  the  receiver  is  identical  to  that 
used  in  the  transmitter.  Control  of  the  quantizer  is  a function  of 
the  coefficient  number.  The  decay  factor  B is  identical  to  that 
used  in  the  transmitter. 
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TASK  A - SIMULATION  FACILITY 


3 . 1 General  Description 

The  purpose  of  the  Simulation  Facility  is  to  permit 
computer  simulation  of  imagery  compression  techniques.  Input 
material  is  imagery  on  35  mm  film  strips.  The  result 
of  the  simulation  is  reproduced  as  television  signals  on  video 
tape  or  as  photographic  hard  copy. 

A block  diagram  of  the  simulation  system  is  shown  in 
Figure  3-1.  A transparent  film  strip  (motion  pictures)  is 
inserted  in  the  film  strip  projector.  The  TV  camera  converts 
the  first  frame  to  a video  signal  which  is  stored  in  a digital 
frame  memory.  One  picture  line  at  a time  is  transferred  from 
the  frame  memory  to  the  line  buffer  at  TV  rates  for  subsequent 
transfer  to  the  CSP-30  processor  at  I/O  rates  until  the  frame 
memory  has  been  emptied.  The  next  film  frame  is  pulled  into 
place  in  the  filmstrip  projector  and  the  process  repeats.  The 
CSP-30  can  store  the  digitized  video  data  on  digital  tape  for 
subsequent  processing  or  can  process  input  data  directly. 


Various  programs  have  been  written  for  the  CSP-30  which 
simulate  one  dimensional  cosine  transform/differential  PCM 
encoding,  error  contamination,  and  cosine  transform/differential 
PCM  decoding.  Another  program  can  reduce  resolution  with  or 
without  horizontal  and  vertical  interpolation. 

The  processed  data  is  outputted  through  a line  buffer  at 
I/O  rates  and  converted  to  analog  form  for  precise  entry  onto 
a video  disc  where  a new  frame, and  eventually  the  film  strip, 
is  built  up.  The  video  signals  are  then  transferred  to  video 
tape  for  viewing. 

3.1.1  Input/Output  Characteristics 

A wide  variety  of  input  formats  can  be  handled  by  the 
scanning  dev  ice , depend ing  on  the  type  of  lens  used  on  the  T.V 
camera.  For  the  present  program  a lens  was  chosen  which 
matches  the  T.V.  camera  scanning  raster  size  to  the  single- 
frame motion  picture  film  format  of  0.98  inch  width  by  0.735 
inch  height  (SMPTE-PH22 . 59 , Style  C) . The  film  is  advanced 
one  frame  at  a time  on  command  of  the  system  control  electronics. 
Each  frame  is  precisely  registered  with  respect  to  the  previous 
frame  to  prevent  image  jitter  on  the  output  display.  Registration 
is  by  frame  perforations  rather  than  by  matching  of  the  location 
of  objects  in  the  depicted  scene  so  that  jitter  due  to  aircraft 
motion  when  the  ground  scene  was  photographed  is  not  eliminated. 


Diagram  - Video  Compression 


Output  images  are  recorded  on  a wideband  International 
Video  Corporation  Model  IVC870  Video  Tape  Recorder  (VTR) 
using  525  line,  2:1  interlaced  RS-170  standards.  Display 
field  and  frame  rates  are  60  and  30  respectively,  regardless 
of  processing  frame  rates.  Low  processing  frame  rates  are 
displayed  by  repeating  fields  in  the  proper  proportions.  A 
flicker-free  display  is  thus  produced,  even  at  low  information 
ra  tes . 

3 .2  Detailed  Description 

3.2.1  Input  Circuitry 

A detailed  diagram  of  the  simulation  facility  is  shown 
in  Figure  3-2. 

3. 2. 1.1  Camera  and  CCU 

A high  resolution  COHU  6150  camera  head  with  a series 
6900  Camera  Control  Unit  (CCU)  has  been  chosen  as  the  system 
input  device.  An  8541A  separate  mesh  vidicon  is  used  for  good 
corner  and  center  resolution  and  also  uniform  video  output  in 
all  parts  of  the  field  of  view.  In  addition,  electronic  shading 
correction  is  included  in  the  CCU  to  assure  constant  video 
amplitude  throughout  the  frame. 

3. 2. 1.2  Video  Input  Circuits 

A cable-terminating  amplifier  (Philco  9SK9277)  is  used 
at  the  input,  followed  by  a clamped  driver  (Philco  9SK9285A) 
which  restores  video  D.C.  level  by  clamping  the  video  back 
porch  to  a reference  voltage  at  the  beginning  of  each  scan  line. 
This  is  necessary  to  insure  that  video  always  falls  within  the 
A/D  converter  range.  Video  voltage  is  boosted  to  the  level 
required  by  the  A/D  converter. 

3.2. 1.3  Sample  and  Hold  (Philco  9SK9278) 

A sample  and  hold  circuit,  running  at  the  same  clock 
rate  as  the  Analog-to-Digital  (A/D)  converter  which  follows  , 
measures  the  video  level  at  a given  point  and  holds  that  value 
until  the  next  sample  is  taken.  This  operation  is  necessary 
because  the  A/D  converter  uses  six  serial-processes,  each 
requiring  the  same  input  voltage,  to  perform  its  conversion. 
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Figure  3-2  Simulation  Facility 


3. 2. 1.4  Ana log-to-Digital  (A/D)  Converter  (Philco  9SK9279) 

Functionally,  the  converter  is  of  the  serial  type, 
with  six  comparators  or  decision-making  elements  connected  in 
cascade.  The  sampled  and  held  video  is  applied  to  the  first 
comparator  which  determines  whether  video  is  above  or  below 
mid  range  (most  significant  bit).  The  results  of  the  first 
decision  are  subtracted  from  the  original  analog  signal  and 
the  amplified  difference  is  applied  to  the  second  comparator. 
The  results  of  the  second  decision  are  subtracted  from  the 
input  video  to  the  second  comparator  and  the  amplified 
difference  is  applied  to  the  next  comparator.  This  process 
of  successive  approximations  continues  until  the  least 
significant  bit  is  decided  within  the  sixth  stage. 

3.2. 1.5  Solid  State  Frame  Memory 

Because  the  CSP30  Digital  Processor  cannot  operate 
at  realtime  T.V.  data  rates  (approximately  10  MHz  in  this 
system), a rate  conversion  must  be  performed.  The  method 
chosen  stores  an  entire  frame  of  video  in  a digital  frame 
memory.  This  permits  the  T.V.  camera  and  ancillary  equip- 
ment to  operate  in  a normal  manner  and  provides  storage  for 
an  indefinite  period  with  zero  degradation  due  to  the  storage 
medium.  Once  "captured"^ a frame  is  read  out  at  any  desired 
rate  on  command  of  the  processor.  Also,  once  a frame  is 
captured  a new  film  frame  can  be  pulled  into  the  field  of  view 
and  the  camera  video  output  level  allowed  to  stabilize. 

In  the  present  system  a dynamic  shift  register 
memory  is  used.  This  memory  has  capacity  for  6 bits  per 
Picture  Element  (PEL),  640  PELS  per  line  and  480  active  scan 
lines  per  frame.  Since  the  memory  is  dynamic, it  must  be 
continually  clocked,  in  this  case  at  the  A /D  sampling  rate. 
Data  is  accessed  from  the  memory  a line  at  a time  as  it 
becomes  available  at  the  memory  output.  The  data  is  stored 
with  zero  degradation  because  the  binary  bits  are  constantly 
reclocked  and  requantized.  The  frame  memory  consists  of 
8 Intel  IN60  boards  interfaced  with  Philco  designed  mux  and 
demux  circuit  cards. 

3. 2. 1.6  Input  Line  Buffer 

Data  stored  in  the  frame  memory  is  fed  to  a static 
Random  Access  buffer  one  line  at  a time  as  the  data  becomes 
available  at  the  frame  memory  output.  At  the  beginning  of  a 
frame-processing  cycle  the  data  corresponding  to  the  first 
active  T.V  line  is  transferred  to  the  line  buffer  at  a 10  MHz 
rate  as  it  becomes  available  at  the  frame  memory  output.  The 
data  is  read  out  of  the  static  line  buffer  on  demand  under 
CSP30  processor  clock  control.  When  the  last  PEL  is  read  from 
the  line  buffer  a new  load  cycle  is  initiated  and  the  second 
scan  line  is  fed  into  the  line  buffer  as  it  becomes  available 
at  the  frame  memory  output.  During  this  load  cycle  a ready 
signal  is  removed  from  the  CSP30,  causing  it  to  mark  time. 
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3.2.2  Processor/Digital  Tape  Recorder 

Simulation  of  compression/decompression  and  error 
corruption  are  performed  by  a Computer  Signal  Processors 
Incorporated  CSP30  processor.  Data  input  and  output  is  via 
one  of  the  fast  data  channels  of  the  machine.  Input  image 
data  can  be  stored  on  an  MDS  Bucode  4025  digital  tape 
transport.  Data  thus  stored  can  subsequently  be  fed  directly 
back  to  the  processor  for  further  processing.  Any  other 
pertinent  data  can  also  be  stored  on  the  digital  tape  transport  . 

3.2.3  Output  Circuitry 

Processed  data  is  recovered  a line  at  a time  from  the 
CSP30  at  its  operating  rate,  temporarily  stored  in  a line 
buffer  and  then  assembled  a line  at  a time  on  a track  of  the 
disc  recorder  whose  speed  is  synchronized  to  the  T.V.  camera 
sync  generator.  When  a full  frame  of  data  is  accumulated  on 
the  disc, its  heads  are  stepped  to  adjacent  tracks  and  the 
process  repeats.  When  300  frames  of  data  have  been  accumulated 
on  the  disc, they  are  transferred  in  real  T.V.  time  to  the 
Video  Tape  Recorder  (VTR)  for  permanent  storage.  If  a run 
consists  of  more  than  300  frames,  a second  sequence  of  frames 
is  assembled  on  the  disc  and  electronically  "spliced"  to  th e 
end  of  the  preceding  300  frames. 

3.2.3. 1 Output  Line  Buffer 

Picture  element  data  from  the  CSP30  processor  is 
loaded  into  a line  buffer  (identical  to  the  Input  Line  Buffer) 
under  command  of  the  CSP30  clock.  When  the  line  buffer  is 
filled,  the  Buffer  Available  signal  is  removed  from  the  pro- 
cessor and  the  buffer  data  is  transferred  to  the  disc  recorder 
at  a 10  MHz  rate  via  the  Digital-to-Analog  (D/A)  converter. 
Transfer  occurs  when  the  particular  slot  on  the  disc  corre- 
sponding to  the  stored  line  is  moving  beneath  the  video  heads. 
When  the  buffer  is  empty^ it  reverts  to  the  load  condition  and 
accepts  the  next  line  of  data  from  the  CSP-30  processor. 

3. 2. 3. 2 Digital-to-Analog  (D/A)  Converter 

A Datel  Systems  DAC-HI8B  D/A  converter  with  an  extremely 
short  settling  time  transforms  the  6 bit  binary  data  to  analog 
video  at  the  10  MHz  clock  rate. 


3. 2. 3. 3 Video  Processing  Circuits 


The  D/A  output  feeds  a clamped  video  driver  (Philco 
9SK9285A)  which  raises  the  signal  to  the  + 1.0,  -0.4  volt 
levels  required  by  the  disc  recorder  input  circuits.  This 
amplifier  drives  a 75  ohm  coaxial  cable  needed  to  connect  the 
output  electronics  with  the  video  disc  recorder  in  an  adjacent 
cabinet . 


Video  out  of  the  disc  is  processed  by  a clamped  line 
attenuator  (Philco  9SK2901-10)  which  removes  a switching 
transient  in  the  horizontal  blanking  interval  caused  by  record- 
ing video  a line  at  a time.  Composite  sync  needed  for  monitor 
and  VTR  synchronization  is  added  by  a summation  amplifier 
(Philco  9SK9280)  and  the  resulting  composite  video  is  fed  to  an 
output  amplifier  (Philco  398-11239-1)  which  is  capable  of  driving 
a terminated  75  ohm  video  output  cable. 

3.2.4  Video  Disc  Recorder  and  Video  Tape  Recorder 

3. 2. 4.1  Video  Disc  Recorder 

A Data  Disc  Model  3302V  Video  Disc  Recorder  is  used  to 
assemble  frames  of  video  from  the  CSP30  processor  and  to  provide 
temporary  storage  of  300  T.V.  frames.  The  disc  rotates  at 
3600  RPM  to  produce  the  greatest  possible  bandwidth.  At  this 
speed,  one  revolution  corresponds  to  one  T.V.  field;  thus  2 
tracks  are  required  for  a complete  2:1  interlaced  frame.  Two 
movable  heads  are  provided;  one  on  each  side  of  the  disc.  Odd 
numbered  fields  are  recorded  on  one  side  of  the  disc,  even 
numbered  fields  on  the  other.  While  one  head  is  reading  or 
writing  the  other  head  can  be  moved  to  the  next  track  (next 
field).  The  same  modulator/demodulator  combination  is  shared 
by  the  heads  on  an  alternating  basis  so  that  video  quality 
will  be  consistent  for  alternate  fields. 

3. 2. 4. 2 Video  Tape  Recorder  (VTR) 

An  International  Video  Corporation  (IVC)  model  IVC-870 
video  tape  recorder  is  used  to  accumulate  output  imagery. 

This  machine  was  chosen  because  it  produces  wideband,  low  noise 
recordings  and  initiates  assembly  edit  during  the  vertical 
blanking  interval  to  produce  display  continuity  at  the  point  of 
electronic  "splicing".  This  feature  is  necessary  to  assemble 
video  sequences  longer  than  300  frames. 
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3.2.5  System  Timing 

At  the  heart  of  the  system  is  a Philco-constructed 
television  synchronizing  generator.  This  generator  uses  a 
stable  14  MHz  clock  to  generate  drive,  blanking  and  sync 
signals  for  the  camera , VTR  and  all  display  monitors.  These 
signals  meet  EIA  RS170  specifications  for  studio  equipment. 
Also,  signals  are  brought  out  of  the  sync  generator  to  control 
the  disc  drive  servo  and  to  select  lines  for  processing. 

3.2.5. 1 Line  Select  Logic 

The  input  line  buffer  is  loaded  one  line-at-a-time 
and  the  output  line  buffer  is  unloaded  a line-at-a-time  on 
command  o 1 the  line  select  logic.  A static  counter,  which 
stores  the  number  of  the  line  which  is  to  be  loaded  or 
unloaded, is  continually  compared  with  the  sync  generator 
counter  so  that  a correlation  is  produced  during  the  precise 
63  usee  interval  when  the  desired  line  information  actually 
occurrs . A 63  usee  "gate"  is  thus  produced  which  enables  the 
high  speed  (real-time)  clock  to  load  video  data  into  the  input 
line  buffer  or  unload  video  data  bits  from  the  output  line 
buffer . 

3. 2. 5. 2 Capture  Logic 

Capture  circuits  are  enabled  when  a new  frame  of 
video  data  is  to  be  read  into  the  Solid  State  Frame  Memory. 

This  command  is  initially  triggered  by  a start  button  and 
subsequently  triggered  by  an  End  of  Frame  command  from  the 
CSP30  processor.  "Capture"  breaks  the  recirculation  loop  of 
the  Frame  Memory  for  one  frame  duration  and  admits  new  data 
from  the  A/D  converter.  At  the  end  of  a load  cycle  the  Frame 
Memory  is  restored  to  the  recirculate  condition  and  data 
transfer  to  the  Processor  is  activated. 

3. 2. 5. 3 Film  Advance  Logic 

As  soon  as  a frame  is  captured  by  the  Solid  State 
Frame  Memory,  a pulse  is  sent  to  the  Film  Projector  to  initiate 
a film  frame  advance  cycle.  Approximately  8 seconds  are 
available  for  the  film  to  advance  and  the  T.V.  camera  gain 
control  circuits  to  stabilize  video  output.  This  is  sufficient 
time  for  the  film  projector  and  TV.  camera  being  used. 


3-8 


• ^-jpasrsw: 


3. 2. 5. 4.  Video  Disc  and  Video  Tape  Recorder  Control 


The  line  select  logic  provides  video  to  the  write 
circuits  of  the  disc  recorder  when  the  precise  segment  of 
the  disc  corresponding  to  the  line  to  be  written  passes  under 
the  recording  head. 

Head  select  logic  connects  the  disc  modulator  and 
demodulator  either  to  the  top  or  bottom  head,  depending  upon 
which  field  the  line  belongs  . (Odd  numbered  lines  are 
recorded  on  one  side  of  the  disc,  even  lines  on  the  other). 

In  the  write  mode  the  logic  enables  the  erase 
function  during  the  next  field  interval  after  a head  is 
stepped.  Vertical  blanking  is  written  and  then  line-by-line 
writing  begins. 

Track  select  logic  controls  the  motion  of  the  two 
heads  depending  upon  what  sequence  is  being  recorded  or 
played  back.  The  most  elementary  control  is  to  step  one  head 
while  the  other  head  is  reading  or  writing  and  then  stepping 
the  second  head  while  the  first  head  is  reading  or  writing. 

This  produces  a sequence  of  60  fields  per  second,  30  frames 
per  second,  2:1  interlaced  as  in  standard  T.V.  display.  More 
complex  sequences  can  be  produced  to  simulate  low  frame  rates. 
For  example,  if  every  frame  is  recorded  and  then  every  other 
frame  is  displayed  twice,  motion  frame  rate  is  halved  while 
60  field  per  second  refresh  rate  is  maintained.  The  amount 
of  reduction  which  can  be  thus  obtained  is  limited  by  the 
number  of  tracks  which  the  heads  can  be  stepped  in  l/60th 
second.  Reductions  other  than  2:1  and  4:1  are  possible  (such 
as  24  motion  frames  per  second  with  a 60  field  per  second 
refresh  rate)  by  displaying  fields  an  unequal  number  of  times. 
Frame  rates  which  were  simulated  were  24  frames  per  second 
(baseline)  and  4,  2,  and  1 frames  per  second  (compression  runs). 


For  film  strips  where  more  than  300  frames  are 
processed,  several  transfers  from  disc  to  VTR  are  necessary 
to  generate  a complete  tape.  This  is  accomplished  by  recording 
a pulse  on  a VTR  audio  track  near  the  end  of  the  first  300 
tracks.  When  the  next  group  of  tracks  is  recorded, t h is  pulse 
is  recovered  and  used  to  trigger  the  write  cycle  at  the  301st 
V frame. 


f. 
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4.  TASK  B - EXPERIMENT  DESCRIPTION 


4.1  Purpose 


The  purpose  of  this  section  is  to  describe 
the  methodology  and  content  of  the  simulation  studies  of 
the  Video  Image  Bandwidth  Reduction/Compression  Study.  The 
objective  of  the  simulation  studies  was  to  determine  the 
effects  on  target  acquisition  time  which  result  from  a 
range  of  video  processing  variables  applied  in  a number  of 
different  combinations.  The  large  number  of  test  conditions 
which  can  be  permutated  from  Table  4-1  indicates  that  a con- 
siderable amount  of  pre-selection  was  required.  The  range 
of  parameters  shown  in  the  table  was  truncated  in  order  to 
determine  the  optimal  technique  for  the  final  nine  (9)  test 
conditions  (plus  baseline) . 


Table  4-1  Reduction/Compression  Parameters 


Parameter 


Frame  Rate 


Range  of  Variation 

8,  4,  2,  1,  5,  | frames/second 


Resolution 


512  x 480,  256  x 240  picture 
elemen  ts 


Number  of  Coefficients 


64,  32,  16  and  8 coefficients  per 
linear  segment 


Bits  per  Pixel 


Bit  Error  Rates 


2,  1.5,  1,  0.75,  0.5  average  bits  per 
picture  element  assigned  to  the 
DPCM  description  of  the  trans- 
form coefficients  in  an  optimum 
manner 

10-5,  10~4,  10-3  and  10-2 


Error  Effect  Reduction 


Two  values  of  prediction 
coef f icients . 


NOTE:  This  table  represents  the  range  of  parameters  considered 
in  the  selection  of  the  final  technique  as  described  in  the 
text.  Only  some  of  the  many  possible  combinations  were  used. 


> 


4 .2  Test  Procedures 


The  test  procedures  that  were  used  permitted  the  gradual 
narrowing  of  the  parameters  in  Table  4.1  in  order  to  identify 
those  reduction/compression  system  parameters  which  provide  best 
performance  within  a base  bandwidth  of  450  kHz.  The  resulting 
combination  of  variables  was  used  for  final  system  testing.  To 
this  end  Aeronutronic  Ford  examined  the  effect  of  each  system 
parameter  on  overall  performance  by  the  sequence  shown  in  the 
accompanying  flow  charts.  (Figures  4-1  & 4-2).  This  process 
involved  engineering  and  human  factors  evaluation  for  initial 
selections,  and  the  use  of  test  subjects  on  these  selected 
preliminary  test  conditions.  Once  the  optimum  parameters 
were  selected,  final  testing  was  performed  using  8 subjects 
and  10  film  strips  for  each  of  the  final  experimental  con- 
ditions . 

4.2.1  First  Truncation  Methodology 

Single  frames  were  selected  from  the  film  strips  for 
simulation  processing  utilizing  various  combinations  of  param- 
eters including  resolution,  coefficient  number  and  DPCM  bit 
assignment.  The  processed  images  were  displayed  on  a TV 
monitor  and  photographed  as  film  negatives.  These  negatives 
were  printed  as  8”  x 10"  positives  for  image  quality  evaluation. 
The  preparation  of  hard  copy  prints  allowed  simultaneous  com- 
parison of  the  processed  imagery.  Since  these  prints  were 
made  from  a cathode  ray  tube,  the  inherent  effects  of  normal 
video  presentation  due  to  scan-lines,  gray-scale  translation, 
etc.,  were  acting  upon  the  image  quality.  The  selection  task 
involved  viewing  the  prints  at  a fixed  distance  under  controlled 
illumination.  Project  staff  personnel  selected  those  prints 
which  retained  the  best  target  discr iminability  among  the  various 
combinations  of  parameters.  Ultimately,  prints  representing  the 
best  simulation  processing  techniques  were  identified.  The  sets 
of  parameter  values  represented  by  these  prints  were  then  used 
for  the  second  truncation. 


* Two  additional  film  strips  were  used  for  subject  training. 
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INITIAL  CONDITIONS 
Includes  the  Maximum  Range  of 
Parameters  to  be  Considered 
6 Frame  Rates  2 Resolutions 

4 ft  of  Coefficients  2 Pred.  Coef. 
V 5 Encoding  Precisions 


FIRST  TRUNCATION 


Engineering  and  Human  Factors 
Evaluation  Based  on  Viewing  Test 
Film  Strips,  Still  Frames,  etc. 


REDUCED  CONDITIONS 
4 Frame  Rates  2 Resolutions 

3 Encoding  Precisions 


SECOND  TRUNCATION 


Engineering  Evaluation  and 
Observer  Tests 


FINAL  TEST  CONDITIONS 
1 Frame  Rate  2 Resolutions 

3 Encoding  1 Pred.  Coef. 

Precisions  3 Error  Rates 


Figure  4-1  Truncation  Flow  Chart 


4.2.2  Second  Truncation  Methodology 


The  number  of  parameters  to  be  evaluated  in  the  final 
test  phase  was  further  narrowed  by  a Second  Truncation  Effort. 
Observer  tests  and  engineering  evaluation  were  used  to 
determine  the  limits  of  compression  which  could  be  tolerated 
before  object  recognition  was  seriously  impaired.  The  trun- 
cation of  frame  rates  was  accomplished  by  measuring  target 
acquisition  time  on  full-length  runs  of  processed  imagery 
utilizing  the  same  equipment  which  was  used  for  final  testing. 
Also,  static  tests  were  performed  to  determine  a limit  of 
error  rate  beyond  which  object  recognition  was  seriously 
impaired.  Figure  4-1  shows  the  number  of  parameters  selected 
for  use  in  the  final  test.  The  rationale  for  selecting  these 
parameters  is  given  in  Section  5.2.2  of  this  report. 


4.2.3  Final  Test  Methodology 


The  baseline  imagery  test  was  run  first  to  establish 
an  "ideal  video"  reference  for  comparison  of  compression  test 
results.  (See  Figure  4-2).  The  highest  quality  reduced 
bandwidth  system  chosen  during  Second  Truncation  (Reduced 
Bandwidth  #1  test  in  Figure  4-1)  was  tested  next  to  obtain  the 
first  measure  of  possible  performance  degradation  due  to  band- 
width compression.  This  system  was  also  tested  at  three 
transmission  error  rates  (10“4,  10“^,  and  10~2  errors  per  bit), 


The  results  of  the  Reduced  Bandwidth  #1  test  were  so 
favorable  that  it  was  decided  to  increase  compression  by 
reducing  the  number  of  DPCM  bits  to  0.75  per  PEL  at  512 
element  resolution  and  subsequently  by  reducing  original 
resolution  to  256  elements  per  picture  dimension.  These 
latter  systems  were  also  tested  at  a 10“^  error  rate. 


The  results  of  the  above  tests  and  their  interpretation 
are  presented  in  Sections  5.3  and  5.4  of  this  report. 


4 . 3  Test  Subject  Qualifications 


Reserve  officers  (pilots  and  navigators)  supplied  by 
the  training  office  at  the  Willow  Grove,  Pa.  Naval  Air  Station 
were  used  to  perform  the  final  tests.  Flight  officers  rather 
than  laymen  were  used  because  they  are  trained  to  identify 
objects  from  the  air  and  are  also  trained  in  reading  maps 
similar  to  those  supplied  for  the  tests.  One  might  expect  the 
flight  officers  to  find  the  desired  object  faster  than  laymen, 
and  in  fact  they  did  locate  the  objects  sooner  but  delayed 
reporting  this  fact,  obviously  taking  time  to  be  certain  their 
detection  was  correct.  This  is  the  result  of  years  of  train- 
ing; that  is,  to  be  c rtain  of  the  target  before  taking  any 
aggressive  action. 
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It  was  noted  that  the  officers  relied  more  heavily  on  the 
maps  than  did  laymen.  This  is  significant  because  the  maps  can 
show  features  which  might  be  obscured  in  the  two  reference 
photos.  The  maps  would  probably  have  been  even  more  useful 
had  they  been  in  color  because  elevation  contour  data  was  not 
readily  apparent.  * 


The  types  of  aircraft  on  which  the  fligh*t  officers 
collectively  had  experience  are: 

A-6,7 
C-118 , 121 
F-3 , 4,  8,  9 
H-2 , 3,  46,  53 
P-2,  3,  5 
S-2 


4 .4  Testing  Methods 

4.4.1  Test  Orientation 

Each  subject  participating  in  the  tests  was  oriented 
by  a member  of  the  Aeronutronic  Ford  project  team.  The 
subjects  were  first  required  to  read  the  set  of  instructions 
supplied  by  the  Air  Force  and  included  in  this  report  as 
Appendix  C.  Next,  they  were  given  a description  of  the 
purposes  of  the  study,  a familiarization  with  the  testing 
setup,  and  an  explanation  of  the  tasks  which  they  would  be 
performing . 

4.4.2  Pre-Mission  Briefing 

Each  map  and  the  reconnaisance  photographs  relevant  to 
a specific  film  strip  were  mounted  together  on  a single  sheet 
of  heavy  cardboard.  See  Figure  4-3.  During  the  pre-mission 
briefing  the  appropriate  panel  (map  and  photographs)  was 
placed  on  an  easel  next  to  the  T.V.  monitor  for  viewing  by  the 
subject.  The  subject  was  permitted  to  study  the  briefing 
material  without  interruptions.  This  interval  never  exceeded 
three  minutes.  Other  information  which  was  given  to  the 
subject  was  to  show  him  the  target  as  it  appears  on  the  one 
mile  and  three  mile  photographs.  In  several  cases  where 
aircraft  approach  is  significantly  different  from  that  used 
to  generate  the  reference  photos,  the  actual  heading  was 
indicated  to  the  subject. 
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The  test  subjects  were  instructed  during  the  pre-test 
briefing  to  sit  at  a distance  from  the  monitor  where  the 


entire  screen  could  be  easily  scanned.  The  subject  was  told 
to  point  to  the  target  as  soon  as  he  could  detect  it  as  per 
the  printed  Air  Force  instructions.  The  time  between  beginn- 
ing of  a run  and  detection  was  measured  with  a stop-watch  by 
a member  of  the  testing  team.  If  the  subject  failed  to  find 
the  target  before  it  went  out  of  the  camera  field  of  view,  a 
no  detect  (N.D.)  was  recorded. 

4.5  Test  Environment 

Figure  4-4  shows  the  setup  used  in  the  tests  and  the 
relative  location  of  the  various  components.  In  order  to 
assure  the  validity  of  the  collected  test  data,  close  control 
over  all  significant  elements  of  the  test  environment  was 
exercised.  In  terms  of  physical  configuration  of  the  equip- 
ment, the  only  change  permitted  was  individualized  adjust- 
ment of  the  subject's  chair  to  assure  a comfortable  operating 
position.  Illumination  was  controlled  both  in  terms  of  level 
of  ambient  illumination  and  prevention  of  specular  reflection 
and  glare  on  the  CRT  surface.  Acoustic  noise  was  minimized 
and  distractions  or  interruptions  by  non-essential  personnel 
was  prohibited. 
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TASK  C;  Image  Quality  Evaluation 

5 . 1 Introduction 

The  purpose  of  this  section  is  to  describe  first,  the 
rationale  employed  in  arriving  at  the  simulation  parameters 
used  in  the  final  tests  and,  second,  the  selection  of  the 
optimum  final  system  parameters  as  verified  by  subjective 
testing . 

The  procedure  adopted  in  selecting  the  parameters  for 
final  simulations  consisted  of  initially  generating  a list 
of  all  of  the  major  parameters  which  might  be  varied  as  well 
as  the  logical  ranges  of  these  variations.  The  effect  of 
these  parameters  on  system  bandwidth  was  then  analyzed  and 
the  upper  frame  rate  vs  bit  per  pixel  contour  established. 
The  range  of  parameters  thus  developed  was  subjected  to  a 
successive  truncation  process  designed  to  isolate  the 
parameters  which  will  provide  adequate  performance  with 
minimum  bandwidth  requirements. 

5 . 2 Truncation  Results 


5.2.1  Initial  Conditions 

Among  the  parameters  included  in  this  tabulation  and 
their  ranges  are  the  following: 


Frame  rate: 

Resolution : 

Coding  Block  Size: 

No.  of  Coefficients: 
Bits  Assignment: 
Prediction  Coefficient: 

5.2.2  Reduced  Conditions 


8 to  \ frames  per  second 

512  x 480  to  256  x 240  pixels 

64  to  8 elements 

64  to  8 coefficients 

2 to  0.5  bits  per  pixel 

1.0  to  0.8 


The  films  provided  as  simulation  input  material  are 
assumed  to  be  typical  of  the  range  of  scenarios  to  be  con- 
sidered and  therefore  were  thoroughly  analyzed  by  engineering 
and  human  factors  personnel  to  determine  the  upper  and  lower 
limits  of  the  parameter  ranges. 
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5. 2. 2.1  Frame  Rate 


The  aircraft  velocity  and  altitude  determine  the 
length  of  time  that  a target  is  visible  in  the  display  of 
the  film.  In  addition, in  some  cases  aircraft  motion  per- 
turbations , such  as  roll,  pitch,  yaw,  sudden  heading  changes, 
etc.,  caused  rather  radical  displacement  of  the  target 
within  the  display  area.  Based  on  these  two  considerations 
5 and  j frames  per  second  were  discarded  because  the  target 
may  be  visible  in  only  one  or  two  frames  and  then  possibly 
in  highly  diverse  locations.  Thus , reliable  performance  at 
\ frame  per  second  or  lower  cannot  be  anticipated.  As  a 
result, one  frame  per  second  was  established  as  a lower  limit. 
Eight  frames  per  second  was  selected  as  an  upper  limit  for 
several  reasons.  Previous  reports  indicate  that  eight  frames 
per  second  is  entirely  adequate  for  target  location. 
Furthermore,  eight  frames  per  second  is  the  highest 
frame  rate  that  will  support  even  as  little  as  256  x 240 
element  resolutions  within  the  confines  established  by  the 
system  bandwidth.  On  this  basis  .obviously  one  frame  per 
second  would  be  the  logical  choice  since  minimum  bandwidth 
is  the  goal.  It  remains  to  be  proven  .however  , that  one  frame 
per  second  provides  performance  equivalent  to  eight  frames 
per  second. 

5. 2. 2. 2 Resolution 

The  problem  of  resolution  was  attacked  with  the 
following  philosophy;  the  unprocessed  television  image  should 
provide  a discernable  target  to  the  observer  in  any  target 
run  at  about  the  same  elapsed  time  as  the  actual  film  strip 
under  similar  viewing  conditions.  This  was  found  to  be 
generally  true  when  the  television  system  had  512  by  480 
element  resolut ion , as  determined  from  still  frames.  Conse- 
quently, it  was  deemed  unnecessary  to  use  higher  resolution 
such  as  1000  x 1000, which  would  have  forced  unrealistic 
requirements  on  the  compression  algorithm  to  achieve  the 
450  kHz  bandwidth  specified.  The  selection  of  512  by  480  at  1 
frame  per  second  permits  using  up  to  2 bits  per  PEL  which 
appeared  to  be  a quite  easily  achievable  compression. 

While  it  was  felt  that  the  512  by  480  resolution 
would  produce  satisfactory  results.it  was  not  clear  what 
results  256  by  240  resolution  would  produce.  From  the  still 
photographs  it  appeared  that  the  target  could  be  discerned 
very  shortly  after  it  was  discernable  in  the  512  x 480 
photographs.  However, the  256  x 240  photographs  were 
esthetically  poor  in  comparison.  This  was  eventually 
verified  in  the  final  tests  by  just  a slight  increase  in 
target  detection  time, but  a large  increase  in  the  number  of 
missed  detections.  At  this  t ime  .however  , there  was  no  firm 
reason  to  delete  256  by  240  from  the  viable  system  parameters. 
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Considerable  thought  was  given  to  the  concept  of 
using  zones  of  graded  resolution  within  the  viewing  area, 
such  as  the  f oveal-per ipheral  field  of  view.  Examination  of 
the  target  location  at  the  point  of  entry  into  the  realm  of 
detectability  indicated  that  the  target  had  often  been  at 
the  extreme  edge  of  the  viewing  area  at  that  time  and  its 
detection  might  well  have  been  delayed  had  the  system 
resolving  power  been  lower  in  that  area.  The  effect  would 
be  quite  similar  with  a dynamically  movable  high  resolution 
area.  In  fact, since  several  targets  are  visible  for  just  a 
few  seconds, it  is  questioned  whether  an  operator  could  scan 
the  field  of  view  with  the  higher  resolution  area  to  any 
advantage . 

Therefore, it  was  decided  that  512  by  480  should  be 
selected  as  the  principal  system  resolution  and  a dynamic 
test  be  made  to  ascertain  the  usefulness  of  256  x 240 
resolution.  Finally, it  was  decided  not  to  simulate  a variable 
resolution  field  of  view  for  the  reasons  given  above  and  be- 
cause the  proposed  compression  system  would  perform  as  well 
as  any  other  system  with  a variable  resolution  field. 

5. 2. 2. 3 Coding  Block  Size 

The  coding  block  is  the  serial  picture  element 
segment  whose  cosine  transform  is  calculated  as  the  first 
step  of  the  coding  process.  The  optimum  length  of  this 
segment  was  selected  as  32  pixels.  Sixty-four  pixel  blocks 
require  excessive  time  to  process  digitally  and  present  con- 
siderably more  difficulties  in  analog  processing  as  com- 
pared to  32  pixel  blocks  with  essentially  no  improvement  in 
compression.  Eight  element  blocks, on  the  other  hand, are  easy 
to  process, but  do  not  permit  agressive  compression  for  equiva- 
lent picture  quality.  The  32  pixel  block  size  was  finally 
selected  as  the  best  trade-off  between  picture  quality, 
achievable  compression,  and  processing  complexity. 

5. 2. 2. 4 Bit  Assignments- 

The  problem  of  bit  assignments  is  somewhat  complex, 
since  it  involves  an  interrelationship  between  the  number  of 
coefficients  utilized  per  coding  block  and  the  number  of  bits 
assigned  to  the  DPCM  word  assigned  to  each  coefficient 
location.  Thirty-two  transform  coefficients  can  be  calculated 
per  32  pixel  coding  block.  If  adequate  precision  (bits  per 
coefficient)  is  retained,  the  inverse  transform  will 
identically  reproduce  the  original  picture. 


During  the  time  that  the  Aeronutronic  Ford 
simulation  facility  was  being  fabricated,  an  analysis  of 
several  typical  film  frames  was  undertaken  under  subcon- 
tract by  Dr.  Paul  Wintz  to  determine  the  optimum  bit  distri- 
bution on  an  rms  error  basis.  The  results  of  this  analysis 
formed  the  basis  for  generating  several  series  of  still 
photographs  from  which  subsequent  decisions  could  be  made. 

For  example,  it  appeared  that  using  19  coefficients  at  an 
average  of  1-bit  per  pixel  (i.e.  32-bits  spread  over  19 
coefficients)  was  adequate  for  target  location  at  512  by  480 
resolution.  The  distribution  selected  was  later  modified 
as  described  below.  At  256  by  240  resolution  the  same  series 
of  photographs  indicated  that  for  the  same  field  of  view, 

2-bits  per  pixel  (64  bits)  spread  over  32  coefficients  would 
be  required.  The  two  bit  assignments  described  were  retained 
for  further  evaluation. 

5. 2. 2. 5 Determination  of  Prediction  Coefficient 

Minimizing  error  effects  is  achieved  by  use  of  a 
prediction  coefficient  in  the  DPCM  encoding  algorithm.  Still 
photographs  were  made  of  typical  scenes  with  about  20  errors 
per  picture.  Various  prediction  coefficients  were  simulated. 
The  results  were  difficult  to  evaluate  because  the  effect  of 
errors  in  an  actual  scene  is  rather  subdued.  The  same 
simulations  were  then  performed  on  an  electronically  generated 
frame  consisting  of  a left  to  right  ramp  signal.  Here  the 
errors  were  obvious  and  were  caused  to  occur  at  all  levels  of 
the  video  dynamic  range.  Values  of  0.96  and  0.91  were  selected 
for  the  prediction  coefficient  for  further  evaluation  as  the 
best  compromise  between  short  propagation  of  errors  and 
generation  of  DPCM  oscillation  patterns  and  reduction  of 
dynamic  range. 

5. 2. 2. 6 Summary  of  Reduced  Conditions 

The  following  tabulation  shows  the  ranges  to  which  the 
various  video  compression  system  parameters  have  been  reduced, 
through  the  use  of  engineering  and  human  factors  analysis  of 
the  original  film  strips  and  of  still  photographs  of  various 
computer  simulations. 
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Frame  Rate: 
Resolution : 

Coding  Block  Size: 


8 to  1 

512  x 480  and  256  x 240  pixels 
32  pixels  in  a linear  segment 


Number  of  Coefficients:  19  at  512  x 480,  1-bit/pixel 

32  at  256  x 240,  2-bit/pixel 

(During  the  subjective  tests  it 
was  decided  to  investigate  14 
coefficients  at  512  x 480,  0.75- 
bits/pixel  also) 


Bit  Assignment: 


1- bit/pixel  at  512  x 480 

2- bit/pixel  at  256  x 240 
(0.75-bit/pixel  at  512  x 480 
as  described  above) . 

Prediction  0.96  and  0.91 

Coef f ic ient : 

5.2.3  Final  Test  Conditions 

The  previous  truncation  process  utilized  engineering 
and  human  factors  evaluation  of  the  original  film  strips  and 
hard  copy  of  single  frame  simulations  of  selected  film  frames 
to  produce  a set  of  reduced  parameter  ranges.  The  next  step 
was  to  evaluate  the  reduced  conditions  with  groups  of  observers 
viewing  simulated  film  strips  or  filmstrip  segments.  The  goal 
is  to  select,  ideally,  the  parameters  for  the  nine  final  test 
runs.  A slightly  different  approach  was  taken;  namely,  two 
sets  of  parameters  were  selected,  which,  with  two  additional 
error  rates  each,  constituted  6 runs.  The  remaining  set  of 
parameters  was  tentatively  selected  but  left  open  for  possible 
redirection  based  on  the  results  of  the  first  six  runs. 

5.2.3. 1 Frame  Rates 

The  initial  truncation  could  reduce  the  range  of 
frame  rates  only  to  8,  4,  2 and  1 frame  per  second.  Simulations 
of  several  film  strips  were  generated  at  8,  4,  2,  and  1 frames 
per  second  using  PCM.  Laboratory  personnel  served  as  test 
subjects  so  that  target  location  performance  at  the  four  frame 
rates  was  evaluated.  Slightly  better  results  were  obtained  at 
8 and  1 frames  per  second;  therefore  additional  runs  were  made 
at  8 and  1 frames  per  second,  again  with  in-house  personnel. 

The  results  indicated  that  performance  at  1 frame  per  second 
was  no  worse  than  at  8 frames  per  second.  One  frame  per  second 
was  selected  as  the  frame  rate  for  the  final  tests. 
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5. 2. 3. 3 Resolution 

Short  runs  of  512  x 480  and  256  x 240  simulations 
were  made.  Lab  Rersonnel  again  served  as  test  subjects  to 
evaluate  the  effects  of  resolution  on  target  location  . The 
results  at  512  x 480  were  comparatively  consistent.  At 
256  x 240,  however,  the  results  were  somewhat  erratic;  many 
performances  were  as  good  as  512  x 480,  but  a larger  number 
of  no  detects  also  occurred.  The  conclusion  was  that  512  x 
480  was  the  better  selection  for  system  resolution  and 
should  serve  as  the  starting  point  for  the  final  test. 

However,  the  many  cases  of  excellent  results  at  256  x 240 
indicated  that  it  should  also  be  subjected  to  one  set  of 
first  tests. 

5. 2. 3. 4 Coding  Block  Size 

The  initial  coding  block  size  of  32  sequential 
pixels  was  simulated  and  found  to  provide  excellent  perfor- 
mance. Therefore,  it  was  retained  for  the  final  tests. 

5. 2. 3. 5 Bit  Assignments 

The  bit  assignments  previously  selected  were 
simulated  and  evaluated.  Slight  modifications  were  made  to 
the  bit  assignments  based  on  artifacts  which,  although  negli- 
gible in  still  frames,  became  quite  objectionable  in  motion 
simulations.  These  artifacts  are  the  breakup  of  the  highway 
in  the  lower  right  corner  of  Figure  5-1A.  In  this  figure  19 
coefficients  were  encoded  with  a total  of  32  bits.  In 
Figure  5-1B,  only  17  coefficients  were  encoded  with  a total 
of  32  bits.  The  redistribution  of  bits,  to  favor  the  low 
frequency  coefficients  eliminated  the  artifacts  while  having 
negligible  effect  on  high  detail  rendition.  The  versatility 
of  the  now  completed  simulation  system  permitted  ree:/aluation 
of  previously  discarded  bit  assignments  and  verified  those 
selected.  Thus  1-bit  per  pixel  at  512  x 480  was  the  principal 
selection  for  final  test  while  256  x 240  with  2-bits  per  pixel 
appeared  worthy  of  further  tests. 

5. 2. 3. 6 Prediction  Coefficients 

The  prediction  coefficient  values  selected  by  means 
of  the  still  frame  simulations  (0.96  and  0.91)  were  reviewed 
with  motion  simulations  and  a value  of  approximately  0.93 
was  selected  as  the  optimum  compromise. 
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Nineteen  Coefficients  Encoded  With  a Total 
of  Thirty-Two  Bits 


Seventeen  Coefficients  Encoded  With  a Total 
of  Thirty-Two  Bits  - Low  Order  Coefficients 
Favored . 


Figure  5-1  Selection  of  Final  Encoding  Bit  Assignments 
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5. 2. 3. 7 Summary  of  Final  Test  Conditions 

A Baseline  test  was  run  first  to  serve  as  a calibration 
for  the  reduced/compressed  tests  which  followed.  The  Baseline 
run  is  a minimum-degradation  case  representing  the  best  that 
could  be  achieved  with  the  Aeronutronic  Ford  simulation  system. 
The  parameters  of  the  baseline  system  are  512  samples  per  scan 
line,  480  active  scan  lines  per  frame,  24  motion  frames  per 
second,  6 bit  (64  levels)  quantizing  precision  and  zero  error 
rate.  In  the  following  tabulation  of  the  parameters  for  the 
final  compressed  video  tests,  runs  1 through  6 represent  the 
initial  selections,  in  this  report  "run"  means  "test  condition", 
not  target . 
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Parameter^^ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Frame  Rate 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Resolution 

512 

512 

512 

512 

2 56 

256 

256 

512 

512 

Coef f icients 

17 

17 

17 

17 

32 

32 

32 

12 

12 

Bits/PEL 

1 

1 

1 

1 

2 

2 

2 

0.75 

0.75 

Predict  ion 
Coef f icient 

0.93 

0.93 

0.93 

0.93 

0.93 

0.93 

0.93 

0.93 

0.93 

Bit  Error 
Rate 

0 

1 

o 

r-i 

10~3 

O 

to 

0 

CO 

1 

o 

rH 

0 

0 

IQ"3 

Other 

Features 

H & V 

Interpolat ion 

Runs  7,  8,  and  9 evolved  from  results  of  the  first 
six  runs.  Although  the  performance  at  256  did  not  represent 
a drastic  increase  in  SLANT  RANGE  AT  DETECTION  the  number  of 
NO  DETECTS  seriously  increased.  It  was  considered  possible 
that  this  could  be  due  in  part  to  the  repeat  field  presentation 
of  the  display  to  the  observer.  Because  of  the  2:1  reduction 
in  bit  rate  realizable  at  256  x 2 over  512  x 1,  run  7 was 
allocated  to  256  x 2 with  both  horizontal  and  vertical  interp- 
olation which  produced  a marked  improvement  in  the  appearance  of 
the  display.  The  SLANT  RANGE  AT  DETECTION  results  did  not 
improve  significantly,  so  no  further  runs  were  allocated  to 
this  approach. 
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In  work  described  in  Sections  5. 2. 2. 4 and  5. 2. 3. 5,  the 
512  x 0.5  bit  per  PEL  still  results  were  considerably  poorer 
than  the  equivalent  bit  rate  256  x 2.  Therefore  it  was  never 
considered  as  a viable  candidate.  The  requirement  to  further 
reduce  the  bit  rate  below  that  produced  by  the  initial  selection 
(512  x 1)  led  to  a reevaluation  of  512  x 0.75  and  256  x 1. 

Still  frame  results  found  the  512  x 0.75  to  be  far  superior  to 
those  of  the  256  x 1 simulation.  Therefore,  runs  8 and  9 were 
allocated  to  512  x 0.75. 


5.3  Final  Test  Results 

5.3.1  Data  Generation 

The  data  to  be  described  in  this  section  includes  the 
data  gathered  during  the  subjective  tests,  measurements  from 
the  original  film  strip,  and  calculations  based  on  the  given 
aix'craft  flight  characteristics. 

5.3. 1.1  Time  to  Detect 

The  principal  data  gathered  during  the  subjective 
tests  is  the  elapsed  time  from  the  beginning  of  the  simulation 
run  up  to  the  time  the  subject  indicates  that  he  has  located 
and  correctly  identified  the  target.  Since  8 observers  are 
used  to  evaluate  each  test  run,  a conversion  to  a single 
number  is  required,  the  median  of  the  8 observer  scores  was 
selected.  This  interval,  the  median  of  the  eight  observer 
scores,  has  been  designated  TIME  TO  DETECT.  A variation  of 
this  data  item  which  occurred  during  the  subjective  test  is  the 
case  where  the  subject  fails  to  locate  and  correctly  identify 
the  target.  In  this  case  no  specific  TIME  TO  DETECT  can  be 
assigned.  Instead  ,the  run  is  defined  as  a NO  DETECT  and 
carries  a special  weight. 

5. 3. 1.2  Time  from  Start  to  Ground  Zero 

These  measurements  from  the  original  film  are  required 
to  determine  the  time  from  the  start  of  the  run  to  the  time 
the  aircraft  is  directly  over  the  target;  i.e.,  SLANT  RANGE 
equals  altitude  at  a ground  range  equal  to  zero.  This  time  was 
determined  by  measuring  the  time  from  the  beginning  of  tie 
film  to  the  point  where  the  camera  was  stopped.  There  were 
several  films  where  this  was  obviously  inaccurate.  In  these 
cases  the  time  from  start  of  film  to  the  time  at  which  the 
target  passed  the  lower  edge  of  the  film  frame  was  determined. 
Six  seconds  were  added  to  this  interval  to  give  the  TIME  FROM 
START  TO  GROUND  ZERO. 
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5. 3. 1.3  Detect  to  Ground  Zero 

The  difference  between  the  two  previous  intervals 
specifies  a time  interval  from  which  slant  range  may  be 
determined.  It  is  defined  as  DETECT  TO  GROUND  ZERO. 

(DETECT  TO  GROUND  ZERO) = (TIME  FROM  START  TO  GROUND  ZERO)  - 

(TIME  TO  DETECT) 

NO  DETECTS  are  weighted  so  that  TIME  TO  DETECT  equals 
TIME  FROM  START  TO  GROUND  ZERO,  therefore  for  a no  detect 
condition  the  DETECT  TO  GROUND  ZERO  = 0. 

5. 3. 1.4  Slant  Range 

olant  range  can  then  be  readily  determined  from  the 
DETECT  TO  GROUND  ZERO  data  by  the  following  eauati on. 

/ 2 J""’ 

SLANT  RANGE  = V 690  X (DETECT  TO  GROUND)  + 1500 

The  following  factors  are  incorporated  in  the  above  equation. 
Aircraft  velocity  is  690  feet  per  second  ( 410  KNOTS) . 

Aircraft  altitude  is  1500  feet. 

5.3.2  Data  Presentation 

The  data  generated  from  the  final  observer  tests  is 
presented  in  two  forms;  a)  tabular  form.  Table  5-1,  Median 
Scores  for  Test  Conditions,  and  b)  graphic  form,  Figure  5-2, 
Slant  Range  at  Target  Detection.  Additional  data  are  included 
in  Appendix  A . 

5. 3. 2.1  Median  Scores  for  Test  Conditions 

Table  5-1  is  a compendium  of  all  the  data  gathered 
arranged  in  a single  table  to  facilitate  data  analysis.  In 
addition  to  the  essentially  raw  data  and  the  performance 
summary  for  all  targets,  three  other  sets  of  data  have  been 
computed  and  tabulated.  This  is  the  performance  data  of 
groups  of  targets  occurring  at  similar  ranges;  long,  medium, 
and  short. 

The  test  film  strip  numbers  are  tabulated  in  the  left 
most  column  of  the  chart  and  apply  across  the  entire 
corresponding  row.  The  ten  test  strips  as  well  as  the  two 
practice  strips  are  included.  The  data  from  the  latter  have 
not  been  included  in  any  of  the  calculations. 
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The  second  column  is  a tabulation  of  the  TIME  FROM 
START  TO  GROUND  ZERO  for  each  film  strip  as  defined  in 
Section  5.3.1. 

The  third  major  column  is  entitled  MAXIMUM  RANGE. 

The  subcolumn  TIME  TO  DETECT  is  similar  to  the  definition 
for  that  parameter  as  defined  in  Section  5.3.1  except  that 
it  was  determined  by  personnel  who  were  thoroughly  familiar 
with  the  film  strips.  They  were  given  the  opportunity  to 
run  each  strip  as  often  as  desired  to  determine  the  earliest 
time  at  which  they  could  reliably  locate  the  target.  The 
viewing  conditions  were  similar  to  those  for  the  subjective 
tests.  Although  subjective,  this  time  represents  approxi- 
mately the  earliest  that  the  target  could  be  located  and 
therefore  the  maximum  SLANT  RANGE  AT  DETECT. 

Both  subcolumns,  TIME  TO  DETECT  and  DETECT  TO  GROUND 
ZERO,  represent  medians  of  the  8 observer  results.  The  results 
of  the  10  runs  are  summed  vertically  and  the  sum  listed  in  the 
sum  row.  The  average  of  this  sum  over  the  10  test  runs  is 
listed.  The  SLANT  RANGE  AT  DETECTION  for  all  10  runs  is  tabu- 
lated in  this  third  subcolumn. 


Strips  14,  16,  and  11,  the  long  range  test  strips,  LR 
were  used  to  compute  average  LR  by  averaging  the  medians  for 
those  test  strips.  A corresponding  SLANT  RANGE  AT  DETECTION 
was  calculated.  This  data  is  tabulated  in  the  average,  LR  row 
under  the  appropriate  column  headings. 

Similarly>strips  13,  3,  12  and  17  provided  tho 
initial  data  for  the  medium  range  computations  tabulated 
under  average  MR  and  strips  7,2,5  for  the  short  ranee  data 
tabulated  under  average,  SR. 

The  same  data  structure  appears  under  the  major 
columns  representing  the  baselines  and  each  of  the  9 
simulation  runs  across  the  chart  with  the  addition  of  a 
fourth  subcolumn  tabulating  NO  DETECTS. 

The  most  pertinent  of  this  data  , namely  SLANT  RANGE 
AT  DETECTION  and  NO  DETECTS,  has  been  plotted  in  graphical 
form  in  Figure  5-2. 
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5. 3. 2. 2 Slant  Range  at  Target  Detection 


Figure  5-2  is  a graphical  presentation  of  the  results 
of  the  10  final  subjective  tests.  It  represents  the  major 
data  from  Table  5-1,  SLANT  RANGE  AT  DETECTION  and  NO  DETECTS, 
plotted  against  BER . In  addition,  the  MAXIMUM  RANGE  indicator 
is  plotted  as  a reference  mark  (see  Section  5.3.2). 

The  left  graph  indicates  the  performance  on  all  ten 
test  strips  for  all  ten  test  runs.  The  512  by  1 bit  per  PEL. 
data  is  plotted  as  a solid  line  for  four  BER;  namely,  0,  10”  , 
10-3  and  10  Z . The  512  by  0.75  bit  per  PEL  data  is  plotted 
as  a dash-dot  line  for  BER  equal  to  0 and  10  . The  256  by 

2 bit  per  PEL  data  is  plotted  as  a broken  line  also  for  BER 
equal  to  0 and  10”3  . The  solid  data  point  locates  the  perfor- 
mance of  the  256  by  2-bit  per  PEL  with  interpolation  at  BER 
equal  to  0.  The  numerals  inside  or  next  to  the  data  point 
circles  indicate  the  total  number  of  NO  DETECTS  at  that  point 
for  all  test  strips  using  the  given  compression  parameters 
and  BER.  Baseline  data  is  presented  as  a solid  triangle, while 
the  MAXIMUM  RANGE  data  is  a white  triangle. 

The  next  three  graphs  are  plots  of  the  slant  range 


data  from  Table  5-1  for  the  long  range,  medium  range,  and 
short  range  test  strips.  Baseline  and  MAXIMUM  RANGE  points 
are  also  included. 


5 . 4 Analysis  of  the  Final  Test  Results 

5.4.1  Maximum  Slant  Range 

The  initial  data  generated  in  the  analysis  portion  of 
the  program  was  a determination  of  the  maximum  slant  range  at 
which  the  targets  could  be  dependably  detected.  This  data 
was  generated  by  personnel  who  were  familiar  with  the  film 
strips.  They  examined  each  of  the  film  strips  to  determine 
the  time  from  the  start  of  the  film  to  the  point  at  which  they 
could  undoubtedly  identify  a unique  artifact  which  in  subse- 
quent film  frames  proved  to  be  the  target.  Landmarks  which 
specified  the  location  of  the  target  were  not  accepted  either 
here  or  in  subsequent  tests  as  valid  identifications.  From 
the  data  gathered  the  TIME  TO  DETECT  and  TIME  TO  GROUND  ZERO 
were  determined  from  which  the  MAXIMUM  SLANT  RANGE  was 
calculated  for  the  composite  of  the  10  film  strips  as  tabu- 
lated in  Table  5-1.  These  points  are  also  plotted  in 
Figure  5-2  as  white  triangles.  These  data  points  were  used 
to  determine  the  validity  of  subsequent  data. 

Ej 

5.4.2  Baseline  Data 

The  baseline  data  was  generated  next  and  was  found  to 
agree  rather  well  with  the  MAXIMUM  SLANT  RANGE  results.  In 
the  overall  results  for  all  10  film  strips,  the  TIME  TO  DETECT 
increased  2.9  seconds  (15%)  while  the  slant  range  decreased 
1919  feet  (14%).  It  is  interesting  to  look  at  this  data  for 
the  three  different  target  ranges.  The  analysis  indicates  the 
results  are  considerably  closer  than  it  would  at  first  appear. 
For  example,  in  the  case  of  the  long  range  targets  the  best 
TIME  TO  DETECT  averaged  10  seconds;  that  is,  the  target 
could  be  found  very  shortly  after  the  start  of  the  run  by 
experienced  persons.  The  test  observers  who  had  not  seen 
these  films  before, and  therefore  needed  time  for  orientation 
required  only  14.7  seconds  for  the  baseline  average  TIME  TO 
DETECT.  This  is  an  increase  of  4.7  seconds.  The  equivalent 
medium  range  comparison  is  22.8  to  26.4  seconds  or  a change  of 
3.6  seconds.  Since  the  targets  appear  later  in  the  film,  the 
orientation  time  perhaps  does  not  weight  the  baseline  average 
TIME  TO  DETECT  as  heavily.  In  the  short  range  target  film 
strips,  the  TIME  TO  DETECT  is  essentially  identical  for  the 
• - Baseline  and  MAXIMUM  SLANT  RANGE  data. 


r. 


£ 


5-15 


r’ 


5.4.3  The  512  x 1 Simulations 

The  next  test  run  made  was  at  512  x 480  resolution, 
1-bit  per  picture  element  (512  by  1 ) and  the  BER-0 . The 
overall  TIME  TO  DETECT  increased  only  1.4  seconds  (6%)  from 
the  Baseline.  The  SLANT  RANGE  decreased  1027  feet  (8%).  In 
general,  the  change  in  performance  was  less  than  expected 
considering  the  Baseline  simulations  were  6-bit  PCM  while 
this  run  allowed  only  1-bit  per  picture  element.  The  TIME 
TO  DETECT  increased  2.3  seconds  for  the  long  range  targets, 
but  only  1 second  for  the  medium  and  short  range  target: 

SLANT  RANGE  decrease  percentage  was  roughly  the  same  for 
each  range  of  targets  as  as  it  was  overall. 

The  512  by  1 simulation  was  next  subjected  to  a 
BER  = 10“  . The  results, as  would  be  expected,  showed  an 
increase  in  TIME  TO  DETECT  and  a decrease  in  SLANT  RANGE. 

TIME  TO  DETECT  increased  1.2  seconds  (4.5%)  and  SLANT  RANGE 
decreased  751  feet  (6.7%).  The  increase,  aga in,  appears 
surprisingly  low.  At  BER  = 10“^  the  TIME  TO  DETECT  increased 
on  additional  1.1  seconds  (4.2%)  and  the  SLANT  RANGE  decreased 
819  feet  (7.4%).  Raising  the  BER  to  10“^  produced  only  an 
additional  increase  of  1.2  seconds  (4.5%)  in  the  TIME  TO 
DETECT  and  817  feet  (7.3%)  in  SLANT  RANGE.  The  latter 
condition  essentially  simulates  a jamming  situation.  As 
can  be  seen  in  Figure  5-1,  the  plot  of  these  data  points 
is  a line  whqse  base  lies  close  to  the  Baseline  data  point 
indicating  good  error  free  performance,  the  line  slopes 
gently  downward  with  increasing  BER,  indicating  good 
performance  in  a hostile  environment. 

A second  set  of  data  compiled  is  the  number  of  NO 
DETECTS  occurring  in  each  run.  A certain  number  are  to  be 
expected  due  to  the  nature  of  the  test.  This  is  verified  by 
the  occurrence  of  two  NO  DETECTS  during  the  Baseline  run. 

Only  one  NO.  DETECT  occurred  in  the  512  x 1,  BER  - 0 run 
and  none  in  the  512  x 1,  BER  = 10"4  run.  On  this_basis,  the 
512  x 1 simulation  was  more  than  adequate.  At  10”  and  10“ 
a sum  of  only  7 NO  DETECTS  occurred,  which  was  surprising 
considering  the  extremely  high  error  density.  Again,  this 
should  be  considered  excellent  performance. 

The  performance  of  the  512  x 1 simulation  was,  there- 
fore, judged  to  be  adequate. 
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5.4.4  The  256  x 2 Simulations 

The  next  process  was  to  determine  if  a lower  bit  per 
picture  element  rate  would  provide  adequate  performance.  A 
set  of  simulations  were  prepared  in  which  the  resolution  was 
reduced  to  256  by  240  elements  and  the  video  encoded  to  2-bits 
per  picture  element.  The  256  x 2 simulations  represents  a 
2:1  reduction  in  the  number  bits  per  frame  over  that  required 
for  the  512  x 1 simulation. 


The  256  x 2 simulation  with  BER  = 0 produced  a 3.5 
second  (14%)  increase  in  TIME  TO  DETECT  over  the  Baseline 
results  and  2.1  second/increase  over  the  512  x 1 results. 

The  SLANT  RANGE  decreased  by  2392  (19.7%)  feet  from  the  Baseline 
and  1365  (12.3%)  feet  from  the  512  x 1 results.  These  results 
were  also  rather  good  considering  the  reduction  in  bit  rate 
achievable.  However,  the  NO  DETECT  rate  increased  significantly. 
The  NO  DETECTS  for  the  4 - 512  x 1 data  points  were  1,  0,  4, 
and  3 for  an  average  of  2 per  data  point  (same  as  the  Baseline). 
For  the  256  x 2 simulation  the  NO  DETECTS  for  the  2 data 
points  were  9 and  13  for  an  average  of  11  per  data  point  or 

11  NO  DETECTS  for  10  film  strips  shown  to  each  of  8 observers: 
that  is,  11  out  of  80  possible  occurrences.  The  256  x 2 data 
was  consistent  throughout  the  three  ranges  of  targets  except 
for  one  data  point;  namely,  that  for  the  long  range  targets 
with  BER  = 10“  . The  only  explanation  available  is  that  the 
observers  for  that  run  were  exceptionally  capable.  Based 
primarily  on  the  NO  DETECT  oerformance,  the  256  x 2 simula- 
tions were  considered  inadequate. 


5.4.5  Interpolation 

It  was  concluded  that  possibly  the  repeat  field  effect 
of  the  256  x 2 simulations  could  have  affected  the 
observer  performance.  Therefore, a 256  x 2 simulation  was 
produced  with  the  scan  lines  of  field  B being  produced  as  an 
interpolation  between  the  scan  lines  of  field  A.  The  results 
were  quite  similar  to  the  256  x 2 without  vertical  interpo- 
lation and  BER  =0.  NO  DETECTS  remained  at  an  average  of 
11  per  data  point,  SLANT  RANGE  decreased  from  9776  to  9435, 
while  TIME  TO  DETECT  increased  from  28.5  to  28.9  seconds . As 
a result  of  the  lack  of  improvement,  no  further  simulations 
were  conducted  in  this  direction. 
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5.4.6  The  512  x 0.75  Simulations 


It  was  decided  to  simulate  a compression  rate  midway 
between  512  x 1 and  256  x 2.  The  selection w as  512  x 0.75. 
The  results  achieved  were  remarkably  good  , as  is  immediately 
evident  in  Figure  5-2.  The  TIME  TO  DETECT  and  SLANT  RANGE 
are  on  a par  with  the  512  x 1 results.  The  NO  DETECT 
results  are  just  slightly  poorer, 3 NO  DETECTS  per  data 
point  rather  than  2. 

5.5  Conclusions 


The  data  gathered  for  the  512  x 1 and  the  512  x 0.75 
simulations  are  essentially  equivalent.  At  512  x 0.75  the 
SLANT  RANGE  is  slightly  better  than  at  512  x 1,  but  the 
number  of  NO  DETECTS  is  somewhat  higher.  One  would  con- 
clude probably  that  the  512  x 0.75  is  the  natural  choice, 
since  minimum  overall  bit  rate  is  the  program  goal.  Two 
factors  were  considered  at  this  point;  data  accuracy  and 
display  picture  esthetics.  It  is  typical  of 
cosine  transform  coded  pictures  to  degrade  gracefully  up 
to  some  threshold  of  bits  per  picture  element  after  which 
degradation  is  rapid.  Therefore  ,th is  threshold  appears  to 
be  below  0.75  bits  per  picture  element.  None-the-less  ,the 
512  x 0.75  performance  should  be  somewhat  poorer  than  that 
at  512  x 1.  Because  of  the  limited  number  of  observers  , it 
is  possible  that  either  the  512  x 1 results  appear  somewhat 
poorer  than  they  actually  are  , or  the  512  x 0.75  result  appear 
somewhat  better  than  they  actually  are.  The  reverse  is 
illogical.  Therefore  , the  conclusion  reached  is  that  512  x 1 
performance  is  better  than  512  x 0.75.  Second,  the  displayed 
pictures  at  512  x 0.75  appear  esthetically  poorer  in 
quality  than  those  at  512  x 1.  If  the  target  and  flight  path 
are  not  as  well  documented  as  they  were  for  the  subjective 
tests,  the  additional  quality  of  the  512  x 1 technique  may 
well  provide  the  added  margin  to  assure  success  of  the  mission 

Therefore  512  x 1 is  conservatively  selected  as  the 
candidate  compression  technique  , and  the  recommended  frame 
rate  is  one  frame  per  second. 

5.6  Statistical  Analysis 

An  alternate  approach  to  analyzing  and  presenting  the 
test  data  is  described  in  Appendix  D.  This  approach  differs 
from  that  of  Section  5.4  in  that  (1)  no  detects  are  included 
as  valid  data  points  with  a slant  range  of  zero  feet,  (2)  de- 
tection ranges  for  different  targets  are  normalized  to  mean 
baseline  ranges  so  that  all  targets  are  given  equal  weight, 
and  (3)  average  (mean)  ranges  are  calculated  rather  than 
median  ranges.  The  results  support  the  conclusions  of 
Section  5.5. 
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IMPLEMENTATION  STUDY 


6.0 

6 . 1 Introduct ion 

Section  5.0  of  this  report  selected  compression  system 
parameters  on  a very  conservative  basis  which  satisfy  the 
scenario  described  in  the  statement  of  work.  Aeronutronic 
Ford  is  aware  that  in  reality  there  is  no  single  rpv  require- 
ment, but  that  many  different  mission  profiles  and  RPV  con- 
figurations are  being  developed.  For  this  reason,  the 
Compression  System  Implementation  should  have  sufficient 
flexibility  to  be  readily  adaptable  to  a large  number  of  RPV 
systems  and  missions.  The  parameters  in  Section  5.0  thus 
form  a basic  system  about  which  changes  can  be  made  for 
specific  missions  or  parts  of  missions.  Three  principal 
classes  of  missions  include  Reconnaissance,  ECM  and  Strike. 
Navigation  may  be  a common  requirement  of  all  three;  the 
first  and  third, however , may  have  special  video  requirements, 
such  as  high  resolution  low  frame  rate  sensor  data  for 
reconnaissance  and  high  frame  rate  and  comparatively  low 
resolution  sensor  data  for  target  tracking.  The  basic  system 
parameters  developed  in  Section  5.0  of  this  report  were 
optimized  for  target  detection  at  a particular  aircraft 
velocity  (approximately  400  knots) . The  compressor  selected 
can  also  handle  high  resolution  low  frame  rate  video  from  a 
reconnaissance  camera  or  selected  frames  from  a real  time 
tracking  camera  in  a strike  vehicle.  The  mechanism  for  the 
latter  is  an  optional  solid  state  frame  memory  which  "snatches” 
a fast  frame  from  a real-time  camera  and  outputs  the  video  at 
a slow  rate  consistent  with  the  RF  channel  bandwidth  and 
therefore  also  the  video  compressor  processing  I’ate, 

The  basic  compression  system  uses  a cosine  transform 
encoder  whose  output  coefficients  are  compressed  by  a 
differential  PCM  encoder.  The  basic  system  has  512  horizontal 
by  480  vertical  picture  elements,  output  coding  precision  of 
1 bit  per  picture  element  and  a frame  rate  of  1 frame  per 
second.  Output  data  rate  is  approximately  250  K Bits  Per 
Second . 

The  basic  Video  Compression  system  is  shown  in  Figure  6-1. 
The  optional  frame  memory  in  the  airborne  portion  of  the 
system  is  required  with  existing  real  time  (30  frames/sec) 
cameras  to  act  as  a speed  buffer  between  the  high  data  rate 
camera  and  the  compression  electronics.  This  frame  memory 
would  not  be  necessary  with  a slow-scan  camera  which  outputs 
data  at  the  processing  rate.  For  this  study  the  memory  is 
considered  not  as  an  integral  part  of  the  compressor , but  as  a 
separate  subunit  which  can  be  added  if  required. 
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The  Aeronutronic  Ford  implementation  is  totally 
compatible  with  video  from  vidicon  cameras,  FLIR  sensors, 
and  anticipated  solid  state  sensors  such  as  CCD,  CID,  etc. 
The  gamut  of  T.V.  sensors  presently  in  use  or  anticipated 
for  use  includes: 

1)  Existing  30  frame  per  second  vidicon  cameras 
which  are  readily  available  at  low  cost  and 
have  reached  a highly  developed  state.  These 
are  tSsed  on  RPV's  presently  being  evaluated.  A 
frame  memory  would  be  required  with  these 
cameras  to  slow  down  high  rate  video  to  the 
compression  circuit  operating  rates. 

2)  High  frame  rate  weapon  cameras  necessary  to 
track  targets.  Regardless  of  the  type  of  sensor 
used  for  this  application,  frame  rate  will  be 
high  and  will  cause  the  video  data  rate  to  be 
high.  Transmitting  low  frame  rate  data  from 
the  weapon  sensor  to  ground  in  accordance 

with  the  mission  profile  required  by  the  present 
program  will  also  necessitate  the  use  of  a 
frame  memory. 

3)  Surveillance  and  reconnaissance  missions  where 
low  frame-rates  are  permissible  require  long 
term  storage  (one  second  in  the  present  program) . 
Items  2)  and  3)  above  considered  an  electronic 
frame  memory.  Another  approach  would  be  to  use 

a storage  target  vidicon  which  could  output  video 
at  the  rate  required  by  the  video  compressor. 
Electronically  exposed  vidicons  are  available  but 
are  rather  complex.  Alternatively  , the  vidicon  would 
be  flash  exposed  by  a shutter  to  prevent  image 
smear  due  to  vehicle  motion.  A simple  reliable 
pair  of  counter  rotating  discs  with  slits  in  the 
lens  plane  can  be  driven  by  a stepper  motor 
synchronized  to  the  processing  frame  rate. 

4)  Anticipated  sensors  - A variety  of  solid  state 
sensors  are  being  developed  which  will  be  ideally 
suited  to  RPV  use  due  to  their  small  size,  low 
power  consumption , ruggedness  and  low  cost.  Avail- 
able devices  have  insufficient  resolution  for  the 
present  program.  Noteworthy  are  the  RCA  SID  with 
256  lines  x 320  elements/line  and  the  GE  CID  with 
244  x 188  elements.  Although  these  resolutions  are 
too  low  for  the  present  program, both  of  these 
companies,  as  well  as  others,  expect  to  develop 
larger  arrays.  An  indication  is  the  development  of 
a 496  line  x 475  element  sensor  by  Bell  Telephone 
Laboratories.  Even  with  the  smaller  arrays  the 
possibility  exists  of  simply  optically  multiplexing 


several  smaller  arrays.  This  approach  is  much 
more  feasible  with  solid  state  sensors  than  with 
vidicons  because  the  sensors  are  small  and  have 
image  areas  whose  dimensions  are  essentially 
perfect.  Vidicons  have  electrically  generated 
"raster"  areas  which  can  drift  in  size  and  location 
and  can  have  shape  distortions  caused  by  deflection 
components . 

Another  advantage  of  the  solid  state  sensor  devices 
under  development  is  storage  capability  for  low 
frame-rate  applications.  The  RCA  SID  has  a 
separate  storage  area  and  the  GE  CID  can  store  on 
the  primary  image  area.  Both  devices  are  capable 
of  electronic  "flash  exposure"  by  enabling  certain 
electrodes.  This  eliminates  tne  need  for  a 
mechanical  shutter. 

6 . 2 RPV  Video  Compressor  Implementation 

6.2.1  Principles  of  Operation 

The  transmitter  portion  of  the  video  system  which  is 
located  in  the  RPV  is  shown  in  the  top  half  of  Figure  6-1. 

One  sensor  is  shown  in  the  figure  but  several  sensors  could 
be  used,  for  example  one  sensor  in  the  RPV  and  others  in 
weapons  carried  by  the  RPV.  A remote  switch  would  permit 
the  ground  located  pilot  to  select  any  one  of  the  airborne 
sensors.  An  optional  Frame  Memory  is  shown  in  6-1  for  the 
case  where  the  sensor  generates  high  frame  rate  video. 

Aeronutronic  Ford  has  selected  a digital  approach  to 
implementing  the  RPV  video  compression  equipment.  Advantages 
of  the  digital  approach  are  insensitivity  to  temperature, 
component  aging,  and  power  supply  voltage  variations,  no 
adjustments  required  and  greater  reliability.  Maintenance, 
should  it  be  required,  is  simpler  and  faster  with  the  digital 
approach  because  no  adjustments  are  required  after  a board 
(or  module)  is  replaced.  No  special  measuring  equipment  is 
needed  and  very  little  service  training  is  necessary  at  the 
operational  level  because  "trial  and  error"  board  substitution 
can  be  used. 

The  system  which  is  described  in  this  report  can  readily 
be  structured  so  that  system  parameters  could  be  changed  by 
the  ground-located  mission  operator.  Such  factors  as  resolution 
frame  rate  and  bit  precision  could  be  changed  to  match  mission 
requirements  through  a control  link. 


6.2. 1.1  Sensor  and  Video  Preprocessing 

The  extremes  of  the  range  of  sensors  directly 
considered  in  this  study  are  30  frames  per  second,  525  line 
standard  vidicon  cameras  and  slow  scan  flash-exposed  cameras. 

The  Picture  Element  (PEL)  rate  for  the  fast  camera  (assuming 
512  PELS  per  line)  is  appi’oximately  10  MHz.  The  PEL  rate 
for  the  slow  scan  camera  based  on  512  Pels  Per  Line,  480  Lines 
Per  Frame,  1 Frame  Per  Second,  1/60  Sec  Exposure  Time,  7 uSec 
Horizontal  Blanking  Time  is  approximately  250  kHz. 

6. 2. 1.1.1  Automatic  Gain  Control 

The  camera  should  have  an  AGC  (Electrical  and/or 
optical  attenuator)  to  maintain  constant  video  output  level. 

This  is  important  because  any  video  compressor , of  necessity, 
has  a limited  dynamic  range  determined  by  maximum  input 
level  (saturation)  relative  to  minimum  level  (quantization 
threshold) . The  AGC  should  clip  very  bright 

reflections  caused  by  specular  reflecting  objects,  bodies  of 
water,  and  most  detrimental,  the  sky.  The  AGC  should  ignore 
these  bright  areas  while  attempting  to  fill  the  system 
dynamic  range  with  useful  information. 

Simulation  studies  on  the  present  program  dramatically 
illustrated  two  extremes  in  scene  brightness  and  contrast, 
namely  low  contrast  desert  scenes  (low  contrast  of  high  average 
brightness)  and  forest  area  (low  contrast  at  low  average 
brightness)  . The  AGC  should  expand  the  range  of  the  desired 
video  modulation  around  the  average  signal  level.  Sky  light 
presents  a common  but  serious  problem  because  it  represents 
both  high  intensity  and  large  area.  Furthermore , the  size  and 
relative  location  of  sky  area  in  the  camera  field  of  view 
changes  if  sensor  attitude  changes  during  RPV  maneuvers. 

Figure  6-2  shows  a concept  for  performing  the  required 
AGC  function.  Video  from  the  sensor  is  fed  into  a black-level 
negative  peak  clamp  which  is  enabled  during  the  active  video 
time.  This  clamp  causes  video  level  to  shift  down  to  a refer- 
ence voltage  level.  A true  peak  detector  would  clamp  on  very 
thin  black  video  spikes,  therefore  a small  amount  of  averaging 
is  provided  to  insure  that  a large  amount  of  dark  video  is  near 
the  black  reference.  The  clamp  is  disabled  during  blanking. 
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The  output  of  the  black  level  clamp  is  fed  to  a 
white  peak  detector  which  measures  white  level  while  ignoring 
very  small,  extremely  bright  objects.  Some  degree  of  averaging 
is  used  to  prevent  specular  reflections  from  controlling  gain 
over  the  entire  picture  area.  The  gain  control  voltage 
generated  by  the  white  P/A  detector  is  fed  back  to  the  sensor 
(vidicon  target  for  example)  to  control  its  gain  and  also  to 
a feed-forward  variable  gain  stage  to  compensate  for  imper- 
fection in  sensor  gain  control. 

All  gain  stages  through  the  variable  gain  stage 
have  linear  transfer  functions.  A peak  white/black  clipper 
next  eliminates  areas  of  extreme  contrast. 

A critical  factor  in  the  AGC  design  is  the  time 
constant, especially  in  the  slow  scan  mode  where  gain  adjust- 
ment must  be  predicted  from  the  previous  frame. 

6. 2. 1.1. 2 Filtering 

A low  pass  filter  is  required  between  the  sensor 
and  the  A/D  converter  to  prevent  high  frequency  variations 
(especially  noise)  from  being  folded  over  into  the  video 
passband . 

6.2. 1.2  Analog  to  Digital  Converter 

An  analog  to  6-bit-binary  digital  converter  is  required 
to  convert  the  video  to  a form  which  is  compatible  with  the 
digital  processing  circuits  which  follow.  The  conversion  rate 
is  approximately  10  MHz  when  using  video  from  a 30  frame  per 
second  camera.  If  a slow  scan  camera  is  used  which  outputs 
video  at  the  data  processing  rate  ,the  sampling  rate  will  be 
lower,  specifically  250  kHz  for  the  parameters  selected  for  the 
basic  system  in  Section  5.0  of  this  report. 

A/D  converters  are  not  common  items  at  10  MHz  sampling 
rate,  partly  because  popular  designs  use  a successive  conversion 
process  and  therefore  require  a sample  and  hold  circuit.  A 
minimal  size  implementation  uses  a parallel  quantizer  approach 
which  compares  the  video  with  63  thresholds  and  makes  a single 
decision.  The  quantizer  outputs  are  combined  logically  to 
produce  a 6 bit  binary  code.  This  approach  sounds  complex  on 
the  surface  but  lends  itself  to  Large  Scale  Integration  due  to 
the  fact  that  simple  circuits,  with  minimal  interconnection, 
are  repeated  many  times. 

An  A/D  converter  for  operation  at  250  kHz  is  in  the 
realm  of  commercially  available  dual  inline  packages  ,such  as 
the  Micro  Networks  Corporation  MN5120  which  is  reported  to  be 
capable  of  completing  a 6 bit  conversion  in  less  than  2uSec . 

This  unit  is  1"  x 0.5"  x 0.15"  in  size.  A possible  sample  and 
hold  is  the  Teledyne  Philbrick  4856  14  pin  dual  inline  module. 
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6. 2. 1.3  Transmitter  Frame  Memory 

The  transmitter  frame  memory  is  necessary  when  using 
presently  configured  high  frame  rate  cameras.  In  this  sense, 
the  memory  is  an  interim  component  which  is  needed  to  slow 
down  camera  video  to  the  Transf orm/DPCM  processing  rate. 

Speeding  up  the  processing  rate  requires  some  added  hardware 
volume.  It  is  anticipated  that  future  cameras  will  be  able  to 
output  video  directly  at  the  processor  rate,  thus  the  memory  will 
not  be  needed.  The  combination  of  a low  speed  Transf orm/DPCM 
encoder  and  a frame  memory  appears  to  be  an  optimum  solution  for 
both  present  and  projected  sensors. 


During  system  operation,  6 bit  video  words  are  written 
in  the  memory  at  a 10  MHz  rate  until  a full  frame  has  been 
stored  (1/30  sec).  Unfortunately,  cameras  presently  being  used 
in  RPV's  use  interlaced  scanning,  therefore  it  is  necessary  to 
organize  the  memory  into  two  segments  so  that  video  is  entered 
first  into  one  half  of  the  memory  (Field  1)  and  then  into  the 
second  half  of  the  memory  (Field  2). 


The  video  data  is  read  out  of  the  memory  in  a line 
alternating  fashion  (line  1 of  field  1,  line  1 of  field  2,  line 
2 of  field  1,  etc.)  thus  converting  the  data  to  a non-interlaced 
format.  This  is  necessary  because  the  DPCM  encoder  ideally 
compares  adjacent  scan  lines.  Note:  the  inverse  process  is  per- 
formed at  the  receiver  (ground)  station  to  again  produce  an  inter- 
laced display.  Design  of  the  memory  is  straightforward,  with  the 
greatest  challenge  being  to  minimize  memory  module  count,  size 
and  cost.  A digital  memory  using  the  Fairchild  CCD461A  module  is 
considered  the  optimum  choice  at  the  present  time.  This  module, 
a 22  pin  dual  inline,  is  capable  of  storing  16,384  bits.  A 
total  of  96  modules  is  required  to  store  a complete  frame.  Input 
and  output  levels  are  TTL  compatible. 

6. 2. 1.4  Transform  Coder 


The  transform  coder  block  diagram  is  shown  in  Figure  6-3. 
Thirty  two  picture  element  groups  defined  by  six  bit  video  words 
(gn)  are  fed  to  a multiplier  register  one  at  a time  and  held 
through  a processing  cycle.  The  6 bit  video  word  is  successively 
multiplied  by  17  words  from  the  Trig  ROM.  Each  trig  word,  cos  (nk) , 
represents  a value  of  17  cosine  terms  which  are  harmonically  re- 
lated to  the  picture  element  frequency.  The  resulting  words  are 
placed  in  the  Coefficient  Storage  Register  via  a summer.  (For  the 
first  summation,  assume  that  all  stages  of  the  coefficient  storage 
register  have  been  reset  to  zero) . Each  successive  6 bit  picture 
element  is  placed  in  the  multiplier  register  and  is  multiplied  by 
the  next  basis  vector  word.  Each  of  the  resulting  products  is 
added  to  the  previous  products  obtained  for  the  corresponding 
coefficient  term.  This  process  continues  until  all  32  video  words 
of  a processing  strip  have  been  multiplied  by  the  basis  vectors. 


The  next  group  of  32  video  words  (from  the  next  pro- 
cessing strip)  are  placed  in  the  multiplier  register  and  the 
process  repeats.  During  the  first  iteration,  the  previous 
coefficient  values  in  the  coefficient  storage  register  are  read 
out  of  the  register  and  passed  on  to  the  DPCM  Coder  and  zeros 
are  inserted  in  place  of  the  data. 

The  trig  ROM  contains  all  of  the  basis  vectors  stored  on 
a point-by-point  basis  in  the  sequence  in  which  they  multiply 
the  picture  element  values.  A counter,  driven  by  the  system 
clock,  addresses  the  trig  values  in  the  proper  sequence. 

The  control  logic  coordinates  the  transform  coder  with 
the  video  source  and  the  DPCM  coder. 

6. 2. 1.5  Digital  DPCM  Encoder 

The  DPCM  Coder  is  shown  in  Figure  6-4.  Sixteen  bit 
coefficients  are  fed  into  a coefficient  register  of  the  transform 
coder.  It  acts  as  a smoothing  buffer  for  the  intermittent  co- 
efficient data  from  the  transform  coder.  The  coefficient,  Gn,  is 
subtracted  in  a Binary  Adder  from  a previously  determined  value 
from  the  line  memory  G(n).  (Some  average  value  is  assumed  for 
the  first  line  to  get  the  process  started).  This  difference,  Dn , 
is  fed  to  a comparator  which  determines  whether  the  difference 
is  above  or  below  specific  threshold  values,  Qn , supplied  by  a 
32  x 8 ROM.  The  number  and  magnitude  of  thresholds  for  a given 
coefficient  are  determined  by  the  sequence  of  values  determined 
in  the  study  program  and  stored  in  the  32  x 8 ROM. 

The  DPCM  Code  ROM  encodes  the  comparator  output  Bn  as  a 
parallel  code  suitable  for  conversion  to  serial  form  for  trans- 
mission and  also  generates  a quantitized  magnitude  of  the  compara- 
tor output  15n.  This  latter  value  is  added  to  the  predicted  value 
which  is  a percentage  of  the  value  of  the  same  coefficient  of 
the  same  segment  of  the  previous  line,  to  form  a new  predicted 
value  G(n).  The  new  predicted  value  is  put  into  the  line  memory 
in  place  of  the  old  value. 

A counter  which  is  interlocked  with  the  transform  coder 
control  logic  times  the  operation  of  the  DPCM  coder. 

Figure  6-4  shows  an  optional  rate  buffer  structured 
around  a 1024  x 8 buffer  block.  This  buffer  is  intended  to 
supply  continuous  data  to  the  transmission  link  during  the  time 
a new  video  frame  is  being  captured  either  by  the  optional 
frame  memory  or  by  a flash  exposed  sensor. 
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Digital  LP"".  Kncoder  lock  Diagram 


6.2. 1.6  Sync  Addition 


Sync  bits  must  be  inserted  into  the  video  stream 
prior  to  transmission.  The  technique  which  was  developed 
on  the  present  program  inserts  a single  bit  of  a sync 
sequence  periodically  in  the  video  frame.  See  Appendix  A for 
a detailed  analysis  of  the  synchronization  system. 

The  sequence  of  sync  bits  represents  a particular 
word  which,  when  recognized,  periodically  establishes  line  sync. 
These  words  are  phase  coded  to  represent  another  word  which 
establishes  frame  sync.  The  advantage  of  this  technique  in 
a jamming  environment  is  that  all  sequences  are  repetitive  in 
a way  which  permits  the  use  of  windows  to  look  only  for 
desired  sync  data  once  lock-on  has  been  established. 

6.2. 1.7  Power  Supply 

The  Aeronutronic  Ford  Aeronutronic  Division  in 
Newport  Beach,  California  has  developed  power  supplies  for 
powering  electronics  in  aircraft  and  RPV's.  The  power  supply 
implementation  is  based  on  their  proven  designs  for  the 
BGM-34  operating  from  a 22  to  32  volt  DC  input  range.  Based 
on  this  design, it  is  estimated  that  the  equipment  described 
in  the  present  section  of  this  report  could  be  powered  by  a 
scaled  down  version  to  meet  our  lower  power  requirements. 
Estimated  parameters  of  supplies  to  be  used  with  and  without 
a frame  memory  are : 


With  Memory 

Without  Memory 

Power  Required  by  Load 

43  Watts 

20  Watts 

Power  Input  (©65%  efficienty) 

66  Watts 

31  Watts 

Power  Supply  Size 

4"x8"x  1" 

4"x  8"x  0,75" 

Weight 

3 lbs  . 

2.25  lbs. 

Operating  Range 

-25°C  to  90°C 

Input  Voltage  Range 


22  to  32  volts  D.C. 


w 


6.2.2  Hardware 

Prime  considerations  in  designing  RPV  hardware  are 
small  size,  low  power  consumption  and  ruggedness  , but  most  of 
all, highly  reliable  performance.  Of  course  cost  is  an  ever 
present  factor. 

The  Aeronutronic  Ford  implementation  was  initially 
modeled  with  a design  using  off-the-shelf  components  to  show 
feasibility.  Component  groups  were  next  subjected  to  analysis 
to  determine  their  suitability  for  LSI  packaging.  Factors 
considered  were  grouping  of  components  to  minimize  inter- 
connecting leads  for  lower  cost  assembly,  greater  reliability, 
and  grouping  in  functional  packages  for  ease  in  trouble 
shooting.  Consideration  was  also  given  to  configuring  LSI 
modules  to  make  them  usable  in  both  airborne  and  ground  station 
implementations . 

The  circuits  are  envisioned  as  being  constructed  on 
double  sided  printed  circuit  cards  approximately  4j  inches 
wide  by  10  inches  long.  The  cards  will  be  mounted  in  a housing 
which  would  be  light  in  weight,  yet  rigid  when  fastened  to  the 
RPV  framework.  Cards  would  be  captured  along  their  edges  in 
a manner  which  affords  easy  removal  from  the  housing  for  test 
and  repair.  Any  high  dissipation  components  (such  as  the  power 
supply)  would  be  thermally  connected  to  the  housing  for  cooling. 

Figure  6-5  shows  the  board  complement  for  three  con- 
figurations representing  different  levels  of  LSI  circuit  develop- 
ment. Table  6-1  shows  the  detailed  component  organization  of 
the  various  boards  as  a result  of  combining  discrete  modules 
in  LSI  packages. 

The  package  dimensions  on  Figure  6-5  are  compatible  with 
available  space  indicated  on  drawings  for  the  BGM34C. 

The  following  list  summarized  the  main  characteristics 
of  the  airborne  RPV  equipment. 


Compressor  No 

Characteristics  LSI 


Level  1 Level  2 

LSI  LSI 


S ize 
Weight 
Power  Input 


3 §x5"xl2"  3"x5"x  12 " 2i*5"xl2" 

15  lbs. 

31  Watts 


Memory 

Cha  racter is  t ics 

ize  l|"x5"xl2"  (Added  to  Compressor) 

# «*  t g h t 5 1 bs  . 

jt  Power  35  Watts 
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Figure  6-5  Mechanical  Configuration  of  Airborne 
Compression  Equipment  (Cover  Removed) 
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6.2.3  Alternate  Approaches 

The  approach  implementing  the  cosine  transf orm/DPCM 
encoding  technique  previously  described  is  the  preferred 
method  of  implementation.  There  is  at  least  one  alternative 
approach . 

The  approach  described  in  previous  sections  was  selected 
for  several  reasons. 

a)  It  is  an  all  digital  approach  requiring  a minimum 
of  adjustment  and  repair. 

b)  It  is  adaptable;  that  is,  the  design  can  be  such 
that  the  encoder  can  be  dynamically  altered  during 
a mission  to  accommodate  a wide  variety  of  missions 
and  video  parameters. 

c)  Hy  appropriate  application  of  LSI  techniques  the 
hardware  implementation  can  be  reduced  to  accept- 
able power,  weight,  and  volume. 

d)  The  performance  of  the  device  can  be  adapted  to 
the  sensor  by  designing  the  degree  of  precision 
desired  into  the  digital  processing  circuit. 

An  alternative  approach  employing  analog  processing 
techniques  does  exist.  This  approach  was  developed  by  the 
Navy  Undersea  Center  in  San  Diego.  This  approach  solves  the 
transform  coding  problem  by  the  use  of  transversal  filters. 

The  implementation  of  these  filters  can  be  either  charge 
coupled  devices  or  surface  acoustic  wave  devices. 

For  the  data  sequence 
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the  even  discrete  cosine  transform  can  be  defined  as 
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and  where  the  data  sequence  has  been  extended  so  that 
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If  the  mutually  complex  conjugate  terms  in  the  above  equation 
are  combined,  the  following  results. 
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This  can  be  put  in  the  Chirp  Z Transform  format. 
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In  this  form  the  transform  can  be  obtained  by  a pre-processing 
multiplication  of  the  discrete  signal  with  a Chirp,  convolu- 
tion with  a chirp,  and  post  multiplication  with  a chirp. 

Figure  6-6  depicts  a block  diagram  of  this  implementation. 

The  analog  approach  is  proposed  as  a secondary  imple- 
mentation because  not  enough  can  be  determined  about  the 
performance  which  can  be  expected.  Maintenance  and  reliability 
in  an  operating  environment  are  also  unknowns. 

It  appears  that  weight,  volume,  and  power  requirements 
will  be  similar  to  the  digital  approach  when  a moderate 
amount  of  circuitry  is  in  LSI  form.  The  previous  discussions 
of  frame  memory  and  interface  with  existing  sensors  still 
apply. 

For  a more  deta iled  description  of  the  analog  approach 
the  following  references  are  suggested. 

Whitehouse,  H.J.,  Spieser,  J.M.,  and  Means,  R.W.,  "High  Speed 
Serial  Access  Linear  Transform  Implementations,"  symposium 
All  Applications  Digital  Computer,  Orlando,  Florida. 

Means,  R.W.,  Buss  D.D.,  and  Whitehouse,  H.J.,  "Real-Time 
Discrete  Fourier  Transforms  Using  Charge  Transfer  Devices", 
Proceedings  of  the  CCD  Application  Conference,  Naval  Elec- 
tronics Laboratory  Center,  San  Diego,  CA . , September  1973. 
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6.3  Control  Center  Implementation 


6.3.1  Principle  of  Operation 

Figure  6-7  is  a block  diagram  of  the  video  processing 
equipment  in  the  control  center.  No  special  components  need 
to  be  developed  for  this  center  because  all  fucntions  are 
within  the  limits  of  off-the-shelf  components.  Also  con- 
siderably greater  space  and  power  is  available  compared  to 
that  which  is  available  in  the  RPV.  It  is  realized,  however, 
that  components  developed  for  RPV  use  should  also  be  utilized 
in  the  control  center  where  there  are  significant  size,  power 
or  reliability  advantages  without  cost  penalty. 

Digital  circuits  are  favored , where  pract ical , because 
they  require  no  adjustment,  have  high  reliability  and  permit 
maintenance  at  the  operational  level  by  simple  board  sub- 
stitution without  the  need  for  making  adjustments. 

6.3. 1.1  Sync  Decoder 

In  the  implementation  of  the  sync  system  described 
in  Appendix  A, video  plus  sync  data  bits  are  clocked  into  the 
sync  decoder  by  data  link  clock  pulses  from  the  receive  modem. 
The  bit  stream  is  clocked  through  a register  which  is  tapped 
at  points  corresponding  to  the  location  of  line  sync-bits  in 
the  data  stream. 

These  taps  are  tied  to  a comparator  whose  second 
input  contains  the  desired  sync  code.  If  the  two  codes  match 
within  a certain  number  of  bits, a line  sync  detect  occurs  and 
a bit  counter  driven  by  bit  sync  is  reset  and  enabled.  The 
bit  counter  is  configured  to  output  a pulse  when  the  next  line 
sync  pattern  should  be  available  at  the  output  of  the  comparison 
register.  If  a match  does  occur, the  circuit  continues  to  look 
for  the  line  sync  code  at  the  proper  location.  If  a match 
does  not  occur  on  subsequent  looks, the  circuit  examines  all 
comparator  outputs  until  a match  does  occur.  The  counter  is 
reset  and  once  again  looks  at  predicted  locations  for  the  line 
sync  code.  Once  the  first  correct  code  is  detected, th is 
window  ignores  false  codes  in  the  video  information.  Each 
detected  line  code  advances  a tally  counter  which  saturates 
after  s detects.  If  a no-detect  occurs  (due  to  noise  or 
jamming) , the  counter  is  decremented.  The  state  of  this  counter 
is  used  to  determine  whether  line  sync  has  occurred.  A 
count  greater  than  a certain  value  indicates  "in-sync",  below 
another  value  indicates  "out-of-sync" . 


Frame  sync  is  determined  in  a similar  manner  to  line 
sync.  There  are  actually  two  line  sync  codes  which  represent 
two  senses  (1,  0)  of  the  frame  sync  code  elements.  The  proper 
sequence  of  these  code  senses  uniquely  defines  frame  sync. 

Since  line  sync  must  be  established  before  frame  sync  can  be 
established , there  is  no  need  to  be  concerned  with  false  frame 
sync  . 

6. 3. 1.2  DPCM  Decoder 

As  soon  as  line  sync  is  established  by  the  sync  decoder, 
video  bits  can  be  separated  from  sync  bits  and  shifted  into 
the  DPCM  decoder  via  a three  stage  shift  register.  (The  3 
corresponds  to  the  maximum  number  of  transmitted  DPCM  bits  per 
coefficient.)  Depending  upon  which  coefficient  is  in  the 
register,  one  to  three  of  the  bits  are  transferred  into  the 
address  ports  of  a code  ROM.  A difference  value  appropriate 
for  the  DPCM  code  for  the  particular  coefficient  is  applied 
to  one  side  of  a binary  adder.  The  other  side  of  the  adder 
is  supplied  with  a predicted  value  of  the  same  coefficient 
from  the  previous  scan  line.  The  prediction  coefficient  is 
identical  to  the  one  used  in  the  transmitter  DPCM  encoder. 

(The  predicted  value  for  the  first  line  is  the  same  average 
value  assumed  in  the  transmitter.)  The  output  of  the  adder 
is  the  decoded  value  of  the  coefficient.  This  value  is  also 
fed  to  a one  line  memory  where  it  is  stored  until  it  is 
needed  to  decode  the  same  coefficient  of  the  same  segment 
of  the  next  line. 

6.3. 1.3  Transform  Decoder 

Operation  of  the  transform  decoder  is  similar  to  the 
transform  encoder  except  that  the  trig  ROM  stores  17,  32 
point  cosine  terms  corresponding  to  the  17  transform  co- 
ef  f ic ients . 

During  operation  of  the  transform  decoder,  co- 
efficient values  from  the  DPCM  decoder  are  fed  into  a buffer 
register  from  which  they  are  transferred  into  a multiplier 
register.  A coefficient  word  in  the  multiplier  register  is 
successively  multiplied  by  32  words  from  the  trig  ROM.  Each 
word  represents  the  first  value  of  one  of  32  cosine  terms 
which  are  harmonically  related  to  the  picture  element  fre- 
quency. The  resulting  words  are  placed  in  the  picture  element 
storage  register  via  a summer.  (For  the  first  summation 
assume  that  all  stages  of  the  PEL  storage  register  have  been 
reset  to  zero.)  The  second  coefficient  value  is  placed  in  the 
multiplier  register  and  is  multiplied  by  32  words  from  the  trig 
ROM  representing  the  second  value  of  each  of  the  32  cosine 
terms.  Each  of  the  resulting  products  is  added  to  the  previous 
product  obtained  for  the  corresponding  cosine  term.  This  pro- 
cess continues  until  all  32  video  words  of  a processing  strip 
have  been  reconstructed.  Processing  then  proceeds  to  the 
next  strip. 


6-21 


***l<8*»*lfli^  ih  inr 


J. 


^i&ssar.3E*r?’£r' 


The  reconstructed  values  of  a strip  are  readout 
of  the  PEL  storage  register  as  a new  strip  begins  to  be 
processed.  These  values  are  held  in  a buffer  until  they  can 
be  transferred  to  the  frame  memory. 

6.3. 1.4  Dual  Frame  Memory 


The  receiver  memory  is  required  to  convert  the  low 
frame  rate  video  transmitted  from  the  RPV  to  high  frame  rate 
video  for  display  to  the  operator.  Capacity  for  storing  two 
complete  video  frames  must  be  provided  so  that  one  frame  can 
be  displayed  while  the  next  frame  is  being  received.  As  a 
further  condition,  each  frame  must  be  split  into  2 fields  so 
that  non-interlaced  video14  from  the  RPV  can  be  converted  to 
interlaced  form  for  display.  The  memory  is  loaded  in  an 
alternating  line  manner,  i.e<rline  1 is  loaded  into  the  field  1 
memory,  line  2 is  loaded  into  field  2 memory,  line  3 is 
loaded  into  field  1 memory,  etc.  During  readout,  data  is 
read  on  a standard  field  alternating  basis  to  produce  inter- 
lace . 

Existing  solid  state  memory  devices,  such  as  the 
Intel  IN44  board, can  be  used  for  the  ground  station  memory. 

On  a total  bit  basis, 5 boards  are  required  per  frame.  RAM 
devices  such  as  used  on  the  IN44  have  an  advantage  over 
shift  registers  in  that  they  can  be  switched  to  the  read  mode 
as  soon  as  the  last  received  picture  element  is  loaded.  The 
memory  which  was  previously  reading  can  immediately  begin  to 
accept  new  slow  scan  picture  elements.  The  system  need  not 
wait  until  the  end  of  a field, and  so  buffering  is  not  required. 

6.3. 1.5  Digital-to-Analog  Converter 


A high  speed  6 bit  D/A  is  required  after  the  memory 
to  convert  the  digital  video  to  analog  form.  The  accuracy  of 
this  D/A  should  be  equivalent  to  8 bits  and  glitches  should  be 
minimized.  Composite  television  sync  is  added  at  the  DAC  output 
to  synchronize  the  display  monitor  or  any  peripheral  devices, 
such  as  video  tape  recorders , added  to  the  system  for  performance 
evaluation . 
f 

i 

» 

* The  DPCM  encoder  in  the  RPV  requires  non-interlaced  video 
V.  for  its  line-to-line  comparison. 
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6.3. 1.6  T.V.  Monitor 

The  T.V.  monitor  should  have  the  following  parameters: 

1)  Size  - A display  area  with  a diagonal  dimension 
of  no  more  than  14  inches  is  recommended  if  the 
operator  sits  directly  in  front  of  the  monitor 
and  operates  controls  physically  located  near  the 
viewing  screen.  This  size  is  a good  compromise 
between  being  able  to  quickly  scan  the  entire 
area  when  looking  for  a target  and  identifying 
the  target  if  it  is  small. 

2)  DC  restoration  to  keep  the  image  brightness 
range  constant. 

6.3. 1.7  System  Control  and  T.V.  Sync  Generator 

The  control  circuits  serve  the  purpose  of  timing  the 
DPCM  decoder  and  the  cosine  transform  decoder  with  respect 
to  input  data  using  bit,  line  and  frame  sync  derived  from  the 
input  digital  bit  stream.  Also, the  control  logic  has  priority 
in  controlling  the  writing  function  of  the  memory.  This  is  to 
insure  that  data  is  inserted  into  the  memory  as  soon  as  it 
becomes  available.. 

The  portion  of  the  memory  not  receiving  data  is  in 
the  read  mode  and  supplies  video  bits  under  control  of  the 
T.V.  sync  generator.  Because  the  memory  uses  RAMS , write-to- 
read  switching  can  occur  at  any  time  and  thus  the  read  and 
write  functions  are  asynchronous. 

6.3.2  Ground  Based  Control  Station  Hardware 


Because  the  bandwidth  compression  equipment  is  a 
component  part  of  an  overall  system, it  can  be  configured  as 
a rack-mountable  unit  which  can  be  installed  in  any  convient 
location.  For  example, it  can  be  mounted  alone  or  as  one  unit 
of  a multichannel  system  in  a stand-alone  cabinet.  The  unit 
can  also  be  mounted  in  the  bottom  of  an  operator  console  should 
this  be  desired  by  the  Mission  Control  Center  designer. 

Because  the  compressor  unit  is  all-digital, it  needs 
no  adjustments  and  therefore  can  be  mounted  in  a rather 
inaccessable  location.  Maintenance,  should  it  be  required, 
is  by  board  replacement  on  a go-no-go  basis.  Best  of  all.no 
adjustments  are  required  after  the  defective  board  is  replaced. 
Mean-time-to  repair  is  minimal  even  for  an  inexperienced 
serviceman  using  tr ia  1-and-error  substitution.  The  ground 
based  hardware  is  efficiently  packaged  so  that  it  may  be  mounted 
in  a small,  mobile  van  with  limited  space. 


The  receiver  circuits  are  contained  on  sixteen 
8 inch  x 10o  inch  circuit  cards  housed  in  a 10.5  inch 
card  file.  The  cards  are  functionally  organized  as  follows: 

1 Sync  Decoder 

1 DPCM  Decoder  and  Control 

1 Transform  Decoder  & Control  / 

1 D/A  Converter,  Sync  Adder,  Sync  Regenerator 
10  Intel  IN44  Memory  Cards 

2 Intel  CV40  Control  Cards 

The  above  cards  occupy  about  8 inches  of  the  card 
file  width.  The  power  supplies  can  be  mounted  in  a standard 
mounting  frame  (such  as  provided  by  Lambda)  or  could  be 
mounted  in  the  card  file  at  additional  cost  if  space  is 
critical.  Space  may  be  limited  in  an  airborne  control 
station,  necessitating  additional  design  cost  to  mount  the 
supplies  in  the  file. 

Power  required  by  the  receiver  unit  is  estimated  to 
be  850  watts.  The  majority  of  this  power  is  required  by  the 
dual  frame  memory. 

The  Intel  memory  cards  determine  a system  operating 
temperature  range  of  0°C  to  +50°C . Storage  temperature 
range  is  determined  by  the  power  supplies  as  -55°C  to  +85°C . 

6.3.3  Airborne  Control  Station  Hardware 

The  airborne  compressor  hardware  is  functionally 
identical  with  the  ground  based  hardware.  The  major  differ- 
ence is  in  packaging.  The  overall  unit  will  be  configured 
to  integrate  physically  with  the  aircraft  structure  while 
maintaining  structural  rigidity  and  proper  heat  conductivity 
with  the  aircraft  structure  and  environment. 

Printed  circuit  cards  will  be  the  minimum  size  which 
is  possible  with  efficient  interconnection  and  will  be 
attached  to  the  mounting  structure  so  as  to  be  unaffected  by 
vibration  and  shock.  Power  supplies  will  have  high  efficiency 
and  low  volume  and  weight  and  will  be  compatible  with  avail- 
able aircraft  power. 


6-24 


rli  i *'i  ir-ii  ■+*.  v~  .i'«*  .«•>*  odtei  - * " ' 


w 


J 


6 . 4 Airborne  Relay  Processing 


F 

f 

[ 


Aeronutronic  Ford  does  not  foresee  any  complications  in 
retransmitting  the  compressed/reduced  video  through  a relay. 

The  video  data  in  its  basic  form  is  a binary  bit  stream  with 
a 250  kilobit  p<  r second  rate.  Other  than  maintaining  an 
error  rate  less  than  the  maximum  acceptable  level  recommended 
in  section  5.0  of  this  report,  there  is  no  constraint  placed  on 
the  relay.  In  light  of  the  fact  that  anti-jam  techniques  may 
be  used  in  the  link,  baseband  digit  regeneration  would  be 
difficult  to  implement  because  AJ  decoding  and  reencoding 
would  be  required. 

6 . 5 Interface  With  Maverick  and  Stubby  Hobo 

The  first  requirement  for  using  the  video  compression 
system  with  the  Maverick  and  Stubby  Hobo  is  to  provide  a 
sufficiently  high  frame  rate  so  that  the  ground  station 
operator  can  manually  acquire  the  target  for  the  weapon's 
automatic  tracker.  The  exact  frame  rate  is  a function  of  the 
weapon  velocity,  field  of  view  and  camera  attitude  stability. 
Determining  the  exact  frame  rate  for  target  acquisition  is 
not  within  the  scope  of  the  present  program,  however  an 
example  will  be  given.  The  Maverick  camera  has  a field  of 
view  which  is  approximately  one  fourth  that  of  the  RPV 
camera  used  in  the  present  study.  If  256  PEL  by  240  line 
resolution  and  one  bit  per  PEL  compression  encoding  precision 
is  used  ,equiva lent  display  resolution  will  still  be  2 times 
greater  than  was  allowed  on  the  present  study  and  the  operator 
should  easily  recognize  the  target.  The  450  kHz,  15  dB  S/N 
data  link  will  readily  support  7.5  frames  per  second  with  a 

• 400  K Bit/Second  data  rate.  Several  simple  tests  on  the 

present  program  indicated  that  7.5  frames  per  second  might 
be  acceptable . 

Operating  the  compression  system  at  7.5  frames  per  second 
with  the  T.V.  cameras  presently  in  the  Maverick  and  Stubby 
Hobo  requires  a frame  memory  to  capture  every  fourth  camera 
frame  and  slow  the  video  down  to  the  compressor  processing  rate. 

The  second  requirement  for  operating  with  the  Maverick 

• _ and  Stubby  Hobo  is  to  provide  a smooth  switchover  from  the 

RPV  camera  to  the  weapon  camera.  Failure  to  do  so  will  cause 
the  operator's  display  monitor  to  lose  sync  momentarily.  Under 
the  conditions  simulated  on  the  present  programs,  loss  of  sync 
t.  could  be  disasterous  , because  on  some  runs  the  target  is  only 

-'r  visible  for  several  seconds.  Sync  loss  with  its  attendent 

operator  disorientation , could  prevent  target  lockon. 
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The  weapon  cameras  presently  have  their  own  sync 
genei‘ators  and  cannot  be  driven  by  the  RPV  sync  source. 

It  is  recommended  that  the  capability  of  driving  the  weapon 
camera  with  RPV  sync  be  provided.  The  weapon  camera  would 
be  slaved  to  RPV  sync  when  mounted  on  the  RPV,  but  would  free 
run  after  launch. 

The  third  consideration  of  operation  with  the  Maverick 
is  video  scaling  and  improved  AGC . The  Maverick  AGC  presently 
operates  to  maintain  average  video  level  at  about  2 volts. 

Peak  values  can  reach  a level  of  about  4.3  volts.  Without 
scaling  the  video  will  thus  greatly  exceed  the  A/D  converter 
dynamic  range.  The  AGC  concept  described  in  Section  6. 2. 1.1.1 
of  this  report  is  recommended  to  maximize  the  amount  of  useful 
information  transmitted. 


6 . 6 Reliability  and  Maintainability  Estimates 
6.6.1  System  Mean-Time-Between-Failure  (MTBF) 


Figure  6-8  shows  the  reliability  math  model  and  MTBF 
result  for  the  RPV  Video  System.  This  model  combines  the 
RPV  (airborne)  portion  of  the  system  with  the  Ground  Display 
portion  to  provide  the  total  system,  air  to  ground.  The 
Sensor  and  the  air-to-ground  video  data  transmission  equip- 
ment are  not  an  integral  part  of  this  study  and  therefore 
are  not  included  in  this  reliability  estimate.  The  estimated 
system  MTBF  of  1100  hours  reflects  an  assumed  100%  operational 
duty-cycle,  i.e.,  100%,  of  all  hours  are  RPV  flight  video  and 


ground  video 
failure  rate 


display  hours.  The 
is  88  failures/105 


total  estimated  system 
hours.  The  estimated  MTBF 


of  the  RPV  equipment  is  1600  hours,  or  a failure  rate  of 
62  failures/105  hours.  The  estimated  ground  equipment  MTBF 
is  3,900  hours  which  corresponds  to  a failure  rate  of  26 
failures/105  hours. 


If  the  system  is  implemented  using  a Sensor  having  an 
integral  frame  memory,  the  transmitter  Frame  Memory  would 
be  removed  and  the  estimated  overall  system  MTBF  would  improve 
from  1,100  hours  to  1,200  hours. 

6.6.2  Airborne  RPV  System  MTBF 

Figure  6-9  presents  the  reliability  math  model  and 
MTBF  result  for  the  airborne  portion  of  the  system.  The 
model  elements  correspond  to  the  functional  sections  of  the 
airborne  equipment  described  elsewhere  in  Section  6.0  of 
this  report.  The  model  estimated  failure  rate  for  operating 
hours  only  is  62  failures  per  105  hours.  The  failure  rate 
and  MTBF  of  a single  airborne  RPV  system,  considering  an 
estimated  5%  operational  (flight)  duty  cycle,  are  3.1  failures 
per  105  hours  and  32,000  hours  respectively. 


If  the  system  is  implemented  using  a Sensor  having 
an  integral  frame  memory  and  slow  analog  output,  the  digital 
transmitter  Frame  Memory  will  not  be  necessary  and  the  A/D 
Converter  will  become  a slower  version.  In  this  case,  the 
airborne  system  would  have  an  operating  failure  rate  of 
56  failures  per  105  hours  corresponding  to  an  MTBF  of 
1800  hours . 

6. 6. 2.1  Frame  Memory 

Figure  6-10  presents  a detailed  reliability  model 
of  the  Transmitter  Frame  Memory  element  of  the  airborne 
system  reliability  model.  The  Frame  Memory,  in  effect,  has 
extensive  redundancy  in  its  field  storage  elements  (Field 
No.  1 Drivers,  Field  No.  2 Drivers,  Field  No.  1 Storage  and 
Field  No  2 Storage).  The  redundancy  results  from  estimating 
that  up  to  8 percent  of  all  the  drivers  can  fail  and  up  to 
4 percent  of  all  the  field  storage  devices  can  fail  before 
the  operator's  performance  is  significantly  affected.  This 
estimate  assumes  that  component  failures  cause  single  PEL 
errors  which  are  randomly  distributed  throughout  i he  displayed 
frame.  With  this  redundancy,  the  Transmitter  Frame  Memory 
failure  rate  is  held  to  6.4  failures  per  105  hours. 

6.6.3  Ground  Display  System  MTBF 

Figure  6-11  shows  the  Ground  Display  System  reliability 
math  model  and  MTBF  result.  The  model  elements  correspond 
to  the  functional  portions  of  the  ground  equipment  described 
elsewhere  in  the  Implementation  section  of  this  report.  The 
estimated  ground  n\pdel  failure  rate  for  operating  hours  is 
26  failures  per  10&  hours.  This  estimate  is  for  an 
individual  set  of  receiver  electronics.  It  is  possible  to 
provide  one  complete  receiver  unit  as  standby  in  the  event  of 
prime  equipment  failure.  This  redundancy  reduces  the  ground 
station  failure  rate  to  a negligible  value.  In  a multi  operator 
control  center  one  spare  could  be  provided  for  the  entire 
center  . Using  reasoning  similar  to  that  of  Section  6.6.2. 1 
above,  the  dual  frame  memory  elements  have  an  effective 
redundancy  in  that  only  342  out  of  360  storage  elements  and 
39  of  40  driver  elements  of  each  of  two  frame  memories  are 
required  to  be  "UP".  This  is  based  on  the  assumption  that 
10%  of  the  storage  bits  can  be  lost  before  operator  perfor- 
mance is  significantly  degraded.  By  allowing  this  redundancy, 
the  driver  and  storage  element  part  of  the  Dual  Frame  Memory 
has  almost  negligible  failure  rate. 
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6.G.4  Equipment  Failure  Rate  Estimates 


A failure  estimate  has  been  obtained  for  each  model 
element  (block)  Of  the  airborne  system  model  (Figure  6-9 
and  6-10)  and  the  ground  system  model  (Figure  6-11) . The 
failure  rates  have  been  obtained  by  using  the  failure  rate 
model  and  failure  rate  tables  of  Section  3,  MIL-HDBK-217B, 
Reliability  Prediction  of  Electronic  Equipment.  Section  3 
employs  the  parts  count  method  of  reliability  prediction 
and  is  applicable  (1)  to  establish  feasibility  and  (2)  during 
early  design  phases,  when  only  generic  part  types  (including 
complexity  for  IC's),  part  quantitites,  part  quality  levels, 
and  the  equipment  operating  environment  are  known. 

The  types  and  quantities  of  integrated  circuits  were 
estimated  by  circuit  design  engineers.  The  part  quality 
level  of  the  IC's  is  estimated  to  be  MIL-M-38510,  Class  C. 

The  airborne  equipment  operating  environment  is  Airborne, 
Uninhabited;  the  ground  equipment  environment  is  Ground, 

Fixed.  The  failure  rates  employed  in  the  estimates  correspond 
to  these  conditions. 

Since  part  types,  quantities,  and  quality  levels  for 
the  ground  D/A  Converter  were  not  accurately  known  by  Aero- 
Ford,  the  supplier's  MIL-HDBK-2 17A  failure  rate  prediction 
for  this  assembly  was  used.  Power  supply  failure  rates 
were  estimated  based  on  previous  experience  with  power 
supplies  of  similar  complexities  and  output  ratings. 

It  is  expected  that,  in  the  implementation,  all  dis- 
crete parts  will  be  of  the  MIL  qualified  types  (JAN)  or  parts 
which  have  been  qualified  so  as  to  be  MIL  equivalents,  and 
without  special  screening  tests.  These  parts,  in  general, 
have  not  been  included  where  they  accompany  IC's  in  this 
overwhelmingly  IC- implemented  equipment.  It  is  expected  that 
such  discrete  parts  would  add  less  than  5 per  cent  to  model 
element  failure  rates,  and  therefore  they  have  not  been 
included  in  these  feasibility  estimates. 

Also,  for  the  implementation,  it  is  expected  that  large 
volume  production  will  not  be  achieved  for  three  or  more  years. 
By  that  time,  it  is  estimated  that  the  failure  rates  for  MOS 
integrated  circuits  will  have  decreased  to  approximately  the 
same  values  as  were  achievable  for  bipolar  integrated  circuits 
of  comparable  complexity  and  function  in  1974.  Therefore, 
bipolar  failure  rates  from  MIL-HDBK-2 17B  have  been  employed 
for  MOS  circuits  so  that  the  failure  rate  estimates  will 
reflect  the  reliability  expected  at  the  time  of  large  volume 
production.  The  improvement  in  reliability  of  integrated 
circuits  with  time,  experience  and  maturity  is  a well  known 
reliability  effect  and  has  been  demonstrated  in  the  past  with 
bipolar  IC's,  digital/linear,  RTL/DTL/TTL,  etc. 
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6.6.5  Maintainability 

6.6.5. 1 RPV  Equipment  Maintainability 
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The  RPV  equipment  will  be  designed  to  facilitate 
rapid  repair  on  the  ground.  The  power  supply  will  have  test 
points  for  each  of  the  three  output  voltages,  and  a circuit 
breaker  or  fuse  with  indicator  lamp  for  the  28  VDC  input. 
Removal  of  the  circuit  board  compartment  cover  will  provide 
quick  access  to  the  seven  plug-in  boards.  The  power  supply 
will  also  be  removable  as  a unit.  Spares  will  be  provided 
for  each  of  the  seven  circuit  boards  and  the  power  supply. 
Trouble  shooting  and  equipment  function  restoral  is  most 
readily  accomplished  by  replacing  the  circuit  boards  one-by- 
one  until  system  operation  is  restored  as  indicated  on  the 
ground  TV  monitor.  The  on-ground  mean-time-to-restore 
(MTTR)  the  airborne  equipment  to  proper  operation  by  circuit 
board  and  power  supply  replacement  is  estimated  to  be 
approximately  0.5  hours. 

6. 6. 5. 2 Ground  Display  System  Maintainability 

The  ground  equipment  will  be  packaged  on  plug-in 
printed-wiring  boards  which  will  be  contained  in  a printed- 
circuit  card  cage.  There  will  be  approximately  16  circuit 
boards  (including  twelve  in  the  dual  frame  memory)  with  from 
50  to  90  IC's  per  board.  The  standard  power  supplies  will 
be  housed  in  the  same  card  file.  It  is  expected  that  the 
TV  monitor  (and  its  backup  unit,  if  required)  would  be 
mounted  in  a separate  operator's  console.  This  arrangement 
provides  quick  access  to  the  equipment  assemblies  to  facilitate 
timely  equipment  function  restoral.  Operating  spares  would 
be  provided  for  each  circuit  card  and  power  supply  type: 
these  are  all  replaceable  assemblies.  Troubleshooting  would 
be  performed  to  the  level  of  replacing  the  defective  assembly. 
Test  programs  or  test  pattern  generators  could  be  provided 
to  aid  in  trouble  verification  and  diagnosis  and  in  equipment 
checkout  after  assembly  replacement.  Equipment  operation, 
test,  and  maintenance  manuals  would  be  provided  to  aid  the 
on-site  technician.  Standard  test  instruments  and  tools  would 
also  be  provided.  Under  these  conditions, it  is  estimated 
that  the  mean-time-to-restore  the  ground  equipment  to  correct 
operation  would  be  approximately  0.6  hours. 
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6.6. 5.3  Off-Line  Repair 


Off-line  repair  of  failed  circuit  card  and  power 
supply  assemblies  (air  and  ground)  would  be  accomplished  to 
the  piece  part  level  at  higher  levels  of  maintenance  support. 

. At  these  levels  of  support  a circuit  card  tester/trouble- 

shooter  would  be  necessary,  especially  for  the  high-volume 
airborne  circuit-card  types,  for  most  efficient  maintenance. 

6 . 7 Cost  of  Implementation 

6.7.1  Basis  of  Cost  Analysis 

The  cost  of  producing  the  compression  equipment  located 
in  the  RPV  was  determined  for  components  of  the  quality  used 
to  compute  system  reliability  in  Section  6.6.  The  quality  ^f 
these  components  is  near  the  center  of  the  range  of  available 
component  quality  which  extends  from  limited  temperature 
un-tested  parts  to  fully  qualified  MIL  parts.  The  chosen 
level  yields  reasonable  reliability  at  a moderate  cost.  In 
actual  practice, quality  level  could  be  changed  by  direct 
substitution  of  higher  or  lower  quality  components.  Table  6-2 
lists  a range  of  quality  and  resultant  prices  for  a typical 
digital  integrated  circuit. 

4 

The  ground  station  cost  was  estimated  using  limited- 
temperature-range  ceramic  integrated  circuits  since  it  is 
expected  that  the  ground  equipment  will  be  located  in  a room 
or  van  which  must  maintain  a tolerable  environment  for  | 
operating  personnel.  The  ceramic  integrated  circuit  packages 
will  withstand  all  extremes  of  temperature  and  humidity 
encountered  in  shipping  and  storage. 

Since  the  nature  of  the  airborne  control  center  is  not 
known  at  this  time, it  can  only  be  stated  that  its  receiver 
electronics  would  be  similar  to  the  ground  equipment  if  located 
in  a controlled  environment  in  the  aircraft.  If  mounted  in  an 
uncontrolled  environment,  components  comparable  to  those  used 
in  the  RPV  transmitter  would  be  required  and  special  thermal 
and  shock  mounting  would  be  necessary. 


Table  6-2  Range  of  Typical  IC  Quality  & Resultant  Cost 


Part  Number 

Component  Characteristics 

Single  Unit 
Price 

Cost 

Factor 

SN7400N 

Plastic-Commercial  0-70°C 

$ 0.58 

1.0 

SN7400J 

Ceramic  0-70°C 

0.86 

1.5 

SN5400J 

Ceramic  -55°C  to  +125°C 

3.27 

5.6 

SNC5400J  (TT) 

MACH  IV/ JAN  B EQUIV.  APPROX. 
Failure  Rate  0 . 004-0 . 008/lk 

4.57  * 

Hrs  . 

7 . 9 

JANSN5400J 

JAN  M38510  - Fully  Qualified 

12.50 

21.6 

* Cost  estimates  were  made  with  this  level  of  component 
quality  for  all  parts  except  the  Memory  modules  which,  being 
new,  are  presently  at  a quality  level  comparable  to  the 
SN7400J  module.  This  quality  level  is  expected  to  be  increased 
in  the  future,  also  the  memory  may  not  be  required  with  future 
slow  scan  cameras. 


6.7.2  Non-Recurring  Costs 

Non-recurring  costs  of  developing  the  first  operational 
prototype  system, and  also  documentation  necessary  to  produce 
50  units, are  summarized  in  Table  6-3.  Tasks  which  would  be 
performed  under  this  effort  are;  definition  of  precise  system 
parameters  and  interface  requirements,  detailed  circuit  design, 
construction  and  testing  of  a laboratory  breadboard,  printed 
circuit  card  design,  housing  design  and  finally  construction 
and  performance  testing  of  the  prototype  system.  Laboratory 
environmental  tests  would  be  performed  prior  to  testing  of 
the  equipment  in  an  actual  RPV  system. 

Development  cost  of  the  transmitter  memory  is  broken 
out  of  the  total  cost  to  demonstrate  the  cost  impact  of 
developing  cameras  with  built-in  storage. 

Two  levels  of  LSI  development  are  described  which  reduce 
the  transmitter  board  count  from  4 boards  to  3 boards  and 
also  to  2 boards. 

Ancillary  items  necessary  to  complete  the  prototype 
effort  are  also  listed  in  Table  6-3. 

6.7.3  Per-Unit  Production  Cost  of  RPV  and  Ground  Equipment 

Table  6-4  lists  the  cost  of  producing  a quantity  of 
50  operational  equipments  based  on  drawings  and  experience 
developed  during  the  development  program  described  in 
Section  6.7.2  above.  The  costs  must  be  used  cautiously 
because  a quantity  of  50  units  is  small  for  efficient  pro- 
duction of  transmitter  units,  especially  if  the  custom  LSI 
circuits  are  developed.  On  the  other  hand(  50  ground  terminals 
is  a large  number  since  one-for-one  deployment  of  RPV's  and 
control  stations  is  unrealistic. 

The  costs  in  Table  6-4  are  actual  production  costs 
on  a per  unit  basis  and  do  not  include  a factory  startup 
cost  of  $100,000  per  procurement. 
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Table  6-3  Non-Recurring  Development  Costs 


Without 

With 

Memory 

Memory 

System  Design  & Prototype  Development 

270,000 

313,000 

A.) 

Total  cost  with 
Development 

Level  1 

LSI 

348,000 

391 , 000 

B.) 

Total  cost  with 
Development 

Leve 1 2 

LSI 

465,000 

508,000 

2) 

Documentation  for  Production 

40,000 

3) 

Instruction  Manuals 

50,000 

4) 

Maintenance  training  including  material 
Preparation  and  1 week  course 

8,000 

5) 

Spare  parts  for  one  year 

2 , 000  per  s 

6) 

Special  test  equipment  consisting  of  one 
set  of  transmitter  and  receiver  electronics 

25 , 000/s i te 

Table  6-4  Fifty  Quantity  Production  Costs 


s« 


RPV  Equipment  Per  Unit  Cost 

Without 

Memory 

With 

Memory 

Bas  ic 

coder 

(No  LSI) 

$ 4,400 

$ 8,100 

Coder 

with 

Level  1 LSI 

$ 2,900 

$ 6,600 

Coder 

with 

Level  2 LSI 

$ 1,900 

$ 5,600 

2.)  Ground  Control  Station  Equipment  Per  Unit  Cost 

Decoder,  Memory,  Display  $19,000 


NOTE:  The  above  cost  figures  are  actual  production 

cost.  Factory  startup  is  estimated  to  be 

$100,000. 
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low  voltage  solid  state  electronics.  There  are  no  moving  parts 


which  could  come  apart  during  operation.  The  power  supply  will 


be  protected  to  current  limit  if  a circuit  component  fails, thus 
preventing  heating  and  a potential  fire  hazard. 


Ground  based  equipment  is  also  considered  quite  safe. 
Again, all  processing  circuits  are  constructed  with  low  voltage, 
low  power  integrated  circuits.  Power  supplies  will  be  fully 
short-circuit  protected  and  also  will  accept  unusual  line 
voltage  variations  without  failure. 

The  T.V.  display  monitor,  by  nature,  has  three  potential 
hazards,  however  the  Manufacturer  of  the  recommended  monitor 
has  taken  the  following  precautions  to  minimize  these  dangers. 

1.)  CRT  Implosion  - A laminated  safety  glass  on  the 
CRT  increases  the  faceplate  impact  resistance 
and  binds  fragments  together  should  an  unusually 
heavy  blow  be  struck  on  the  faceplate. 
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2. )  X Radiation  - Regulation  of  CRT  ultor  voltage  and 

faceplate  shielding  keeps  the  X radiation  below 
the  level  allowed  by  Department  of  Health,  Education 
and  welfare  X-Radiation  rules,  42  CFR , Part  78. 

3. )  High  voltage  shock  and  fire  hazard 

High  voltage  components  are  covered  and/or  shielded 
to  protect  maintenance  personnel.  Also,  flame 
resistant  materials  are  used  in  high  voltage  areas. 

The  operator  is  further  protected  by  the  metal 
cabinet  in  which  the  monitor  is  housed. 

No  components  with  high  speed  moving  parts,  such  as  a video 
disc  recorder,  are  used  in  the  system,  therefore  no  mechanical 
hazards  are  anticipated. 
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6 . 9 Operational  Constraints 

The  Aeronutfonic  Ford  Video  Bandwidth  Compression  System 
is  designed  to  impose  minimal  constraints  on  the  RPV  mission. 
The  truth  of  \his  statement  was  proven  during  the  experimental 
test  phase  of  the  present  program.  High  compression  ratios 
were  achieved  with  no  increase  in  operating  complexity  over 
that  required  for  the  baseline  imagery.  For  example,  the 
recommended  system  has  full  resolution  throughout  the  camera 
field  of  view.  Therefore , the  operator  need  not  slew  the 
camera  to  place  areas  he  desires  to ‘scrutinize  in  the  center 
of  the  field  of  view  as  he  would  in  a f oveal/per ipheral  system. 
He  merely  needs  to  use  his  inherent  capability  of  scanning 
the  viewing  screen  with  his  eyes. 

Retention  of  full  field  of  view  at  maximum  resolution 
also  makes  it  possible  for  the  operator  to  locate  targets 
even  in  the  presence  of  the  rather  severe  gyrations  in  the 
attitude  of  the  camera  used  to  generate  the  test  films  for 
the  present  program. 

Although  the  recommended  basic  system  operates  at  one 
frame  per  second,  it  is  not  necessary  to  modify  the  operation 
of  existing  cameras.  The  frame  memory  permits  the  camera  to 
operate  at  its  normal  30  frame  per  second  rate. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


The  following  conclusions  are  derived  from  the  results 
of  the  study  program  as  presented  in  the  preceeding  sections. 

7.1  Coding  Algorithm 

The  cosine  transf orm./DPCM  coding  algorithm  appears 
ideally  suited  to  the  RPV  video  compression  task.  The 
specific  parameters  which  conservatively  appear  to  provide 
a satisfactory  performance  even  under  high  error  rate  conditions 
are  512  elements  per  scan  line,  480  scan  lines  per  frame,  one 
frame  per  second  and  one  bit  per  picture  element.  Under  these 
conditions  the  baseband  bandwidth  is  under  250  kHz  using  the 
conservative  assumption  of  one  bit  per  Hertz. 

If  target  tracking  is  required, the  frame  rate  should  be 
raised  to  8 frames  per  second  while  a reduction  in  resolution 
to  256  x 240  appears  satisfactory  due  to  the  usual  decrease 
in  field  of  view.  Therefore, with  the  same  coding  algorithm 
the  baseband  bandwidth  still  remains  under  450  kHz. 


7 . 2 Implementation 

An  all  digital  implementation  of  the  coder  is  recommended 
to  provide  high  reliability  and  minimize  the  need  for  maintenance 
and  adjustment  under  field  conditions.  With  a reasonable 
amount  of  LSI  circuitry  only  two  5 x 10  PC  boards  and  a 
miniature  power  supply  are  required.  The  anticipated  volume  is 
150  cubic  inches  and  power  dissipation  is  31  watts. 

7.3  Sensor 

A sensor  which  can  be  read  out  at  slow  frame  rates  is 
recommended,  particularly  the  presently  emerging  solid  state 
devices.  If  it  is  necessary  to  use  the  encoder  with  a 
conventional  TV  camera,  a frame  memory  is  recommended.  This 
device  adds  90  cubic  inches  and  35  watts  to  the  above  estimate. 
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APPENDIX  A 


LINE  AND  FRAME  SYNCHRONIZATION  ANALYSIS 


Consider  the  following  scheme  in  which  a single  bit  of 
a sync  sequence  is  inserted  periodically *in  the  video  frame. 

The  bits  of  sync  sequence  can  represent  a particular  word, 
say  a barker  tuple , which  , when  recognized  .periodically  establishes 
line  sync.  The  tuples, in  turn, can  be  phase  coded  to  represent 
another  word  which  establishes  frame  sync.  We  have  the  following: 


Assume  the  horizontal  word  is  spread  over  a sub-frame  of  size  n; 
the  vertical  word  over  m subframes.  The  period  of  the  complete 
framing  signal  is  N = m x n bits. 

0 

Consider  first  line  sync:  A sub-frame  of  size  n consists  of 
r sync  bits  and  n-r  information  bits.  If  we  let  ps  denote  the 
probability  of  correctly  recognizing  an  r bit  pattern  within  a 
subframe,  we  have 
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If  the  composite  data  stream  is  transmitted  directly, the 
periodicity  of  the  sync  pattern  would  be  detectable  by 
spectrum  analysis  and  therefore  permit  the  use  of  sync- 
correlated  jamming.  We  assume,  however,  that  in  the  present 
application,  spectrum  spreading  will  be  used  and  as  a result 
the  sync  pattern  will  be  randomized  and  therefore  difficult 
to  detect. 
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where 


Pj.  = probability  of  false  recognition  of  data  as  sync 
Pm  = probability  of  failing  to  recognize  a valid  pattern 


False  sync  can  occur  in  any  of  n - r positions  within  a sub- 
frame.  d enoting  the  probability  of  false  sync  at  any  of  these 
positions  as  pyj  we  have  : 

^7/'  ('yjfi  ft + A 


or  summing 

?r 


where  i runs  up  to  n - r and  pf  is  given  by 


(3) 
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On  the  average,  we  will  have  to  search  only  one-half  of  the 
n - r * 1 possible  sync  positions.  The  mean  time  to  line 


synchronization  , in  subframes  , is  then  given  by  the  expectation  of  p 


a. 

f [? j - i/,  * iO  *£('-/*>& 


■f  1 1 1 


or 


(6) 


If  we  require  consecutive  acceptable  patterns  before 
declaring  line  sync  lock,  we  have 


/-t 


and  becomes 
sk 


(7) 


Having  established  line  sync,  we  must  look  at  the  phase 
(sense)  of  each  of  the  r- tuples  carrying  the  line  framing 
information.  The  pr.ase  information  forms  an  s-tuple,  there 
being  one  or  more  s-tuples  per  frame  (N)  such  that  the  beginning 
of  the  frame  is  determined  uniquely.  Because  line  sync  is 
already  established,  we  need  not  be  concerned  about  false 
framing, and  we  can  write  the  probability  of  vertical  framing. 


Ps>  a: 
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where 


m 


probability  of  failing  to  recognize  a valid  pattern 


This  miss  probability,  p1  , is  the  probability  of  u + 1 or  more 
errors  in  the  vertical  framing  pattern  and, again  assuming  a 
channel  characterized  by  independent  errors. 
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The  p in  this  expression,  of  course,  is  the  probability  that  an 
r-tuple  is  not  accepted  because  of  errors,  and  q = 1-p.  Adjusting 
u allows  p’m  to  be  made  very  small  at  little  chance  of  false 
framing. 


& 


The  overall  probability  of  framing  in  a time  equal  to 
2 s-tuples,  (typically  one  video  frame),  Ps,  is 

Ps  = Prob  £ vertical  framing^/  horizontal  frequency^  x Prob 

'■^acquiring  horizontal  framing  in  2s-l  r- tuples'^ 

This  later  term  is  essentially  unity, so  we  can  write 


Ps  = p’s  = (1  - P’m) 
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If  we  further  require  that  the  receiver  see  consecutive 
acceptable  s-tuples,  before  advancing  from  the  sync  acquisition 
to  the  sync  lock  mode,  we  have 


(11) 


Consider  now  the  probability  of  loss  of  framing  once  framing 
lock  is  declared.  Loss  of  framing  can  occur  by  failing  to  recog- 
nise the  line  sync  pattern  in  its  expected  position  j or  more 
times,  returning  to  the  sync  acquisition  mode  and  falsely 
recognising  the  pattern  before  correctly  recognizing  it.  Denotin 
the  probability  of  loss  of  horizontal  framing  as  p^j  we  have 


where  Pf  may  or  may  not  be  different  from  that  previously  defined 
once  reacquisition  is  attempted.  The  number  of  consecutive 
misses  required  to  initiate  sync  search  is  j,andpm  is  again  the 
miss  probability.  For  reasonable  values  of  pm  and  pf,  becomes 


(13) 


The  probability  that  loss  of  line  sync  occurs  on  the  kth 
subframe,  Pik>  is  given  by 


’'(''ft)  fj. 


The  mean  time  to  loss  of  frame,  expressed  in  subframes,  is  just 
the  expectation  of  this  expression  with  k let  run  to  infinity 
and  can  be  shown  to  be 


Alternatively,  if  we  were  to  require  that  loss  of  framing 
not  occur  more  frequently  than  once  in  M subframes,  (broadband 
noise  interference)  with  probability  equal  to  or  greater  than 

we  have 


before  dismissing  the  subjected  loss  of  frame  performance, 
one  further  point  warrants  consideration.  There  is  the  probability 
of  non-recognition  of  loss  of  framing.  By  adjusting  t and  u 
once  sync  lock  is  declared,  p#  can  be  made  almost  infinitesimally 
small >but  at  the  cost  of  accepting  a large  class  of  false  framing 
patterns.  Hence,  loss  of  framing  can  go  undetected  by  the 
recognition  circuits  with  high  probability.  This  probability  of 
non-recognition  is  exactly  the  probability  of  false  sync  in  any 
one  position,  Pp,  at  the  same  t and  u settings.  Denoting  this 
probability  of  detection  of  loss  of  framing  by  p dj  we  can  write  j 


(17) 


and  summing  over  k subframes,  the  probability  of  detection  in  k 
subframes,  is 

“k 


(18) 


Consider  now  the  performance  of  a specific  framing  scheme 
which  utilizes  a distributed  framing  pattern  of  the  type 
described  above.  Assume  the  horizontal  pattern  to  be  con- 
structed by  augmenting  a Barker  7-tuple  to  an  8-tuple  and  then 
forming  a if- -bit  r-tuple  by  cascading  a pair  of  'like  sense' 

(both  pos  or  both  neg. ) 8-tuples. 

Since  we  must  look  for  both  8-tuples  at  all  times,  by  eq.  (3) 
we  have,  allowing  no  errors  (t  = o) 

/ -8\*  - -/V 
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Depending  upon  the  frequency  with  which  sync  bits  are  inserted 
into  the  video  stream,  we  have  by  eq.  (2) 


25t  x 256  El  Picture 

512  x 512  El  Picture 

Sub -Frame 

r t/ 

Pf 

n-r 

% 

Pf 

Size 

n-r 

Redundancy 

Redundancy 

1 Line 

0.0308 

512 

3 

0.0308 

2 Lines 

512 

3 

1024 

1.5 

0.0605 

4 Lines 

1014 

1.5 

0 . 06  06 

2048 

0.75 

0.1175 

8 Lines 

2048 

0.75 

0.1175 
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The  miss  probability,  f_p  , is  given  by  eq(4)  and  again  for  t = 0,  we 
have  for  10-2  and  10"5  error  rate  environments 


f 

I 

i 


p 

Pm 

10“2 

. 1435 

10“ -) 

-4 

1.0  x 10 

Utilizing  eq's  (1)  and  (5),  the  probability  of  acquiring  horizontal 
framing  in  k subframes  becomes 


1 

j 256  x 256  Element  Picture 

512  x 512  Element  Picture 

\sk 

■ 

y/j  Redundancy 

0.75$  Redundancy 

3 % Redundancy  0.75$  Redundancy 

X 

_ . -9 
p=10 

p=10-5 

p=10“2 

p=10"5 

p-10"2  P=10“5  P=10"?  P=10"5 

1 

0.8252 

0.9690 

0.7514 

0 . 8824 

2 

0.9695 

0 

cn 

0 

0.9382 

0.9862 

( SAME ) 

4 

0.9991 

0.9962 

0.9998 

8 
L . 

0.99999 

If  we  were  to  require  4 consecutive  error  free  patterns  before 
declaring  line  sync  lock,  the  results  in  the  above  table  are 
multiplied  by  0.5256  at  p = 10"2  and  0.9994  at  p = 10 "5  . Framing 
performance  at  p = 10" 5 is  unaffected,  but  at  p = 10"2  the 
number  of  subframes  required,  k,  increases  by  a factor  of 
approximately  2 for  a similar  performance  level. 

Having  established  horizontal  framing  (line  sync),  consider 
now  vertical  framing.  We  assume  that  the  phase  of  horizontal 
r-tuples  has  been  noted  and  stored  in  a shift  register  as  a binary 
pattern.  Actually,  because  we  may  miss  certain  r-tuples  after 
horizontal  sync  lock  is  declared  due  to  errors,  we  record 
erasures  too  by  using  2 shift  registers. 
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.■y  eq's  (b)  and  (9)  we  compute  p ' and  ps'  as  a function  of  the 
threshold  setting, u , for  an  s-tuple  of  length  8. 


— 



B l 

0~° 

-P  = 

10-5 

u 

P ' 

Ps' 

p ' 

Ps' 

1 

0 

1 

2 

3 

0.727 

0.342: 

0.10-32 

0.0214 

0 . 8948 

0 . 9780 

0.0013 

0.9987 

I p 

In  the  a bo ye  calculations  q = O.8515  at  p = 10  and  q'  = 0.99984 
at  p = 10-5. 

The  number  of  s-tuples  of  length  8 permissible  in  a 256 
or  912  line  picture  is  determined  by  the  number  of  lines  per 
sub-frame  (1  subframe  = 1 bit  of  verticle  s-tuple).  These 
may  be  tabulated  as  below. 


Sub -Frame 
Size 

ir 

c 

O-/J 

T Red 

#S-Tuples 

% Red 

#S-Tuples 

1 Line 

3 

64 

2 Lines 

3 

If 

1.5 

32 

4 Lines 

1.9 

8 

0.75 

16 

8 Lines 

0.75 

4 

? 

V 

k 

i 

‘x 

V. 

$ 

I 


From  the  table  it  is  evident  that  there  is  ample  room  to 
distribute  several  vertical  S-tuples  in  any  frame  and  hence, 
both  horizontal  and  vertical  framing  can  be  achieved  in  one 
frame . 
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Setting  u = 3, and  by  eq  (10), we  find 


p = 10"2 

m3 

ii 

M 

O 

vn 

psi 

0.97 

0.99 

If  we  choose, as  a criterion  for  declaring  loss  of  framing, 
the  non-recognition  of  4 consecutive  n-tuples^  then  by  eq.  (13)" 
we  have, at  p = 10“‘  , and  largest  sub-frame  size 

PA  - (0.l4S-3)if  (0.1175)  = 5.7  x 10~^ 

The  mean-time  to  loss  of  frame  by  eq  (15)  is 

"i  / * 


w ■ 


/ * / w X / 6 S U b o ryf  S 


On,  setting  7^  = 0.9b,  in  e q ( 17 ) , we  can  say  that  loss  of 
framing  will  not  occur  more  frequently  than  once  in  M subframes 
with  probably  0.95  where  M is  given  by 


j X to 


M =077  * ~ 7 


Again,  this  is  at  p = 10  ".  letter  performance  can  be  obtained 
by  increasing  the  allowable  number  of  misses  or  at  lower  p. 
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APPENDIX  B 


SUPPLEMENTAL  DATA  FOR  THE  RPV  IMAGE  BANDWIDTH 
REDUCTION/COMPRESSION  STUDY  PROGRAM 


The  results  of  the  study  program  have  been  discussed 
in  the  body  of  this  report.  The  evaluations  were  based  on 
SLANT  RANGE  at  time  of  detection  with  NO  DETECTS  weighted  as 
SLANT  RANGE  equal  to  altitude. 

The  SLANT  RANGE  for  any  film  strip  with  any  one  of  the 
ten  processing  methods  was  determined  from  the  median  of  the 
ten  observers  TIME  TO  DETECT  (time  from  the  beginning  of  the 
film  strip  to  target  detection) . The  TIME  FROM  START  TO 
GROUND  ZERO  minus  the  TIME  TO  DETECT  produces  the  TIME  FROM 
DETECT  TO  GROUND  ZERO  from  which  SLANT  RANGE  and  all  other 
conclusions  are  drawn.  Tables  1 through  10  report  this  raw 
data,  i.e.,  TIME  FROM  DETECT  TO  GROUND  ZERO  in  the  following 
f ormat . 

NO  RUN  (Film  strip  number  and  title) 

= X Y ( Number  of  samples  (X)  not  including  NO  DETECTS 
taken  in  sequence  (Y)) 

= A B C D (TIME  FROM  DETECT  TO  GROUND  ZERO  in  seconds) 

This  is  followed  by  the  tabulation  of  computer  processed  data 
including  median,  mean,  variance  and  deviation.  Note  that 
NO  DETECTS  do  not  enter  into  the  calculations. 

The  data  presented  in  Tables  B-l  through  B-10  is  depicted 
graphically  in  Figure  B-l  showing  the  mean  and  deviation  for 
each  film  strip  and  each  simulation. 

Table  B-ll  presents  the  computer  print  out  which  generated 
a single  mean  and  deviation  for  each  simulation.  This  data  is 
tabulated  in  Table  B-12.  The  last  row  shows  the  mean  of  the 
10  previously  calculated  means  for  each  of  the  10  film  strips. 
The  deviation  of  the  10  film  strip  means  for  each  simulation  is 
also  tabulated.  This  data  and  the  equivalent  SLANT  RANGE  is 
presented  graphically  in  Figure  B-2 . 
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NUMBER  OF  OBSERVATIONS 


13  NUMBER  OF  OBSERVATIONS 


13 


MEAN  - XBR  - SUNIX<in/N 2.380462E  01 

MEDIAN  2.400000F  01 

RANGE 8*0000001  00 

UMADJUSTFD  (BIASED)  VARIANCE  - 
SUM( (X( I »-XBR)#*2)/N  ■ UVR  4.121302E  00 


UIADJOSTED  STANDARD  DEVIATION  «...  2.030099E  00 


MEAN  - XBR  * SllM(  X(  I ) )/N 2.196154F  01 

_ flip  US  JitUtUtiitUiiiUXUXSAASA.  &z02£PQOJ_OJ  _ 

RANGE 1 .8000001  01 

(■ADJUSTED  (BIASED)  VARIANCE  - 
SUMtUII)-XBR)**2)/N  - UVR  2.971006E  01 


{■ADJUSTED  STANDARD  DEVIATION  - •••  6.450693E  00 


mo  17  SOUTH  PUMPINC  PLANT 

-13  1 

-19  20  16  13  16  13.3  10  17  15.6  14.5  19  16  16 


mO  13  GIBRALTAR  DAM 

-13  1 

-20  19.6  23  16  11  19  21  19.5  16  21  21  29  19 


NUMBER  OF  OBSERVATIONS 13 

MEAN  - XBR  - SUM ( X(  I ) 1.508462F  01 

MEDIAN  1. 600000 E 01 

RANGE 1.0000001  01 

UNADJUSTED  (BIASED)  VARIANCE  - 
SUM((X(I)-XBR)**2)/N  ■ UVH  6.275148E  00 


UNADJUSTED  STANDARD  DEVIATION  «...  2.605025E  00 


-NO  7 BUILDING 

-13  1 

-20  13  14  17  14  10.6  14  17  9 7.6  9 12  12 


NUMBER  OF  OBSERVATIONS 13 

MEAN  - XBR  - SUM(  X(  I ) 1.9616381  01 

MEDIAN  1.960000E  01 

range l.aoooooE  01 


(■ADJUSTED  (BIASED)  VARIANCE  - 

SUM( (X(I)-XBR)*#2)/N  • UVR  1.689063E  01 

UNADJUSTED  STANDARD  DEVIATION  - ...  3.966293E  00 


mo  3 SAMSITE  (350°) 

-13  1 

-17  11  18  13  21  11  12  12  12  10  18  22  18 


NUMBER  OF  OBSERVATIONS 13  NUMBER  OF  OBSERVATIONS 13 

MEAN  - XBR  - SUM(  XI  I ) >/N  1.300000F  01  MEAN  - XBR  - SUM(X(I))/N 1.600000E  01 

MEDIAN 1 . 300000F  01  MEDIAN  1*3000001  01 

RANGE 1.2600001  01  RANGE 1.200000E  01 

UNADJUSTED  (BIASED)  VARIANCF  - (NADJUSTFD  (BIASED)  VARIANCE  - 

SUMHXII  l-XBR)**2)/N  - UVR 1.188462E  01  SUM!  (X(I»-XBR)*#2)/N  - UVR 1.669231F  01 

UNADJUSTED  STANDARD  DEVIATION  » ...  3.447407E  00  UNADJUSTED  STANDARD  DEVIATION  - •••  3.961362E  00 


mO  12  plRU  BRIDGE 

-13  1 

-36.6  20  36  9.6  19  13  16  26  19.6  17  12  12  17 


mo  5 SAMSITE  (75°) 

-13  1 

-12.6  16  11.6  9 20  17  12  18.6  23  12  14  16  16 


NUMBER  OF  OBSERVATIONS 13  NUMBER  OF  OBSERVATIONS 13 

MEAN  • XBR  - SUM!  XI I ) l/N 1.926923E  01  MEAN  . XBR  - SUM(  X(  1 1 I/M  1.603846E  01 

MEDIAN  1.700000E  01  MEDIAN  1.600000F  01 

RANGE 2.660000E  01  RANGE 1.400000E  01 

UNADJUSTED  (BIASED)  VARIANCE  - UNADJUSTED  (BIASED)  VARIANCE  - 

SUM! ( XI I )-XBR )**2)/N  » UVR 6.506213E  01  SUM! ( XID-XBR l**2)/M  - UVR 1.382544  E 01 

UNADJUSTED  STANDARD  DEVIATION  - ...  8.066110E  00  UNADJUSTED  STANDARD  DEVIATION  - •••  3.7182581  00 


mO  2 BRIDGE  <180°) 

-12  1 

-3  26.6  12  18  25  7 6 8 11  12  11  11 


mO  16  INDUSTRIAL  BLDG. 

-12  1 

-26.6  16  20  24.6  21  29  26  31  22  29  31  29 


NUMBER  OF  OBSERVATIONS 


NUMBER  OF  OBSERVATIONS 


MEAN  - XBR  - SUMIXIIII/N 1.264167E  01 

MEDIAN  1 • 100000E  01 

RAMCE 2.3600001  01 

UNADJUSTED  (BIASED)  VARIANCF  • 

SUM! (X(I)“XBR)##2)/N  - UVR  4.7727431  01 


UNADJUSTID  STANDARD  DEVIATION  - ...  6.908604F  00 


MEAN  - XBR  - SUM!  X(  I I 2.341667F  01 

MEDIAN  2.660000E  01 

RANGE 1 • 300000F  01 

UNADJUSTED  (BIASED)  VARIANCE  • 

SUM I (XII l-XBRI##2l/N  - UVR  2.103472E  01 


INADJUSTED  STANDARD  DEVIATION  - ...  4.686363E  00 
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Table  B-2  Data  tor  [)12  x 1,  BER  = 0 Simulation 


NO  14  COLD  SPRINGS  CANYON  BRIDCE 
»3  1 

*22  i 2 24  21  24  26  26  24 


= NO  11  POWER  DISTRIBUTION  STATION 
-8  1 

a 19  15  20  19  27  IS  10  25 


\ 


Ml’M bEP  OF  Obf-E'  "ATI  JM  S 3 

MEAN  = *1-°  = SUM(X(I))/N  £•  36  250CE  0 1 

ME  L i AN 2.  4 GOO  OUt  0 1 

PAIGE 5.  00000 0E  00 

VN ADJ  USTED  (BIASED)  VARIANCE  = 

SUM(  (X(  I >-XBF>  »»2)/.J  = UVR 2.934375E  00 

UNADJUSTED  STANDARD  DFVI ATI  JJ  = ...  1. 727534k.  0 0 


NUMBER  OF  OBSERVATIONS 3 

MEAN  = X BP.  = SUM  < X ( I > ) /N  1.9  12500E  01 

MEDIAN  1.9  00  00  Ot  Cl 

RANGE 1.7000  00k  01 

UNADJUSTED  (BIASED)  VARIANCE  * 

SUM  <(X(I )-XBP)*»2>/N  = UVR 2*4359  37 c 01 

UNADJUSTED  STANDARD  DEVIATION  = ...  4.  9 3 59  Hi  0 0 


= in  17  SOUTH  PUMPING  PLANT 

= i 1 

= 15  13  12  15  17  15  14  13 


=NO  13  GIBRALTAR  DAM 
= 3 1 

= 14  15  13  13  17  13  19  16 


Nf  rM  f-Fr  OF  Ofe5Sr  VATIJNS  3 

JEAN  = XRP  = SUM( X ( I ) ) /N  1.425000E  0 1 

MFDIh.1  1.50000CE  0 1 

5.  0 0 00  0 0E  CO 

Vjf.DJ'  STEP  (BIASED)  '/ATIANCF  = 

i'M(('((I)-<b')»»?)/|  = UVR 2.  187500E  00 

HI  ADJUSTED  STANDARD  I EVI  ATI'JN  = ...  1.479  020E  CQ 


NUMBER  OF  OBSERVATIONS 3 

MEAN  = XbR.  * SUM  (X(I)  )/N  1.6250001  01 

MEDIAN  1 • 7 0 0 0 0 0.  01 

RANGE 6*  GOCGOOk  CO 

UNADJUSTED  (BIASED)  JAUaNCE  = 

SUM  ( ( X(  I ) - <bh)  * * 2)  / N = 11VF 3.  9 3 75  0 CL  Of 

UN  ADJUSTED  STANDARD  DEVIATION  = ...  1.734313k  00 


= N J 7 BUILDING 
= 7 1 

= i 3 13  149  13  10  13 


=NO  3 SAMSITE  (350°) 

= 7 1 

=16  12  11  17  16  10  17 


•J'MiiP  OI  Oi  SE^ATI  ?N  ? 7 

MEAN  a - SW(<(I  ) )/N 1.214236E  0[ 

MEDIAN  1.30  0 0 00E  01 

RANGE  5. 00000  0E  00 

UNADJMSTk.  (BIASED)  VARIANCE  = 

S”M(  (X(  I )-vt!-.)  **2)  /l  = UVR 2*  9 79  59  2E  00 

UNADJUSTED  STANDARD  DEVIATION  = ...  1.726  1 49 E 00 


NUMbER  OF  OBSERVATIONS 7 

MEAN  = XBP  = SUM  ( X ( I ) ) /N  I • 4 1 423  6 E 0 1 

MEDIAN  1.6  0 0 00  0k  0 1 

RANGE 7.  C'OOOOOE  Ut 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM ( ( X ( I ) -X  BR) * * 2) /N  = UVR 7.336735k  0 0 


UNADJUSTED  STANDARD  DEVIATION  = ...  2.  79  94  1 7t  Cu 


a j 1 12  PIRO  BRIDGE 
a 3 1 

a 17  1*3  14  13  15  15  12  15 


= MO  5 SAMSITE  (75°) 

= 3 1 

= 14  11  22  11  13  14  11  14 


NUMBER  OF  OBSERVATION r 


NUMBER  OF  OBSERVATIONS 


MEAN  = X Br  = S,fM(X(  I ) ) /U  

MEDIAN  

RANGE  

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM ((X(I)-X  BP ) * * 2) /N  a UVR 

UNADJUSTED  STAN  LARD  DEVI  A (I  ON  * ... 


1.43  7500k  01 
1*500000 E 01 
6* 00000 0E  00 

3*  359  375 E 00 
1.332860E  00 


MEAN  = XBP  = SUM ( X(  I ) ) /N  

MEDIAN  

PAIGE 

tW ADJUSTED  (BIASED)  VAr'lAiJCE  = 

SUM( (X( I )-XbR) *»2)/N  = MVP  

UNADJUSTED  STANDARD  DEVI  ATI  J.N  = ... 


1. 43  75  0 0k.  0 1 
I.  4000  0 0k  0 1 
1.  10  0 0 00E  Cl 

1.323433k  (1 
3.IS379  03E  LG 


=NO  2 BRIDGE  (180°) 
a 3 1 

alP939  10399 


= NQ  16  INDUSTRIAL  BLDG, 
a 3 1 

=24  19  26  26  22  20  12  10 


.NUMBER  OF  ObSEP.'/ATlONS 


N UM BEP  OF  OBSERVATIONS 


MEAN  = X UF  = StJM(X(I))/N 9.000000E  00 

MEDIAN  9.0  0000  0E  0 0 

RANGE 2.  0 0 000  0E  00 


UNADJUSTED  (BIASED)  ’’API  ANCE  = 

5UM(  (X(  I >-XBR.)  **?>/N  = >0:  5.  000000L-01 

UN  ALJ IJ5TED  "TANLAJD  DEVIATION  * ...  7.Q7  1063E-0  1 


MEAN  = XBR  a SUM  (X(I))/N  1.93  75  0 0B  0 1 

MEDIAN  2.  2000  00k  0 1 

RANGE I.  60  00  0 TF  01 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM ( (X ( I ) - XbP)  * • 2)  /M  = UVR 3.210935k  01 


UNADJUSTED  STANDARD  DEVI  ATI  j'J  = ...  5.6665  UL  00 
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Data  for  512  x 1,  BER  = 10~4  Simulation 


» MO  14  COLD  SPRINGS  CANYON  BRIDGE 
H 1 

3 20  23  25  22  26  24  20  21 


=MO  11  POWER  DISTRIBUTION  STATION 
«3  1 

* 13  1?  I?  16  13  23  13  15 


NUMBER  OF  OBSERVATIONS 


ME  AM  * XBR  = SUMCXC I >>/N  2.325000E  Cl 

M E DI  AM  2*40000  (JE  0 1 

RANGh  3 • 00000  0E  00 

UN ALJt'STEL)  CblASEL)  VARIANCE  = 

SUM  <('<<!  ) - X bR>  * * 2 > /.N  = UVR 7.637500E  00 

UNADJUSTED  STANDARD  LEV  1 AT  I ON  = ...  2.  772634b.  OU 


MUM bEP  OF  ObSF.FVATlO.MS 3 

MEAN  = XbP  a SUM ( X C I ) ) /N  1.325G00E  01 

MEDIAN  1.  B 00  0 0 OF  Cl 

RANGE  *5.  C.  00U00E  0 0 

UNADJUSTED  CHASED)  VARIANCE  * 

SUM  ( ( X C I ) - X DP)  * * 2)  / N * UVR 4.9375001  00 

UNADJUSTED  STANDARD  DEVIATION  = ...  2.222C49D  CO 


a Mi)  17  SOUTH  PUMP  INC  PLANT 
= 3 1 

=13  13  13  11  16  15  14  16 


3 NO  13  GIBRALTAR  DAM 
■ 3 1 

=11  16  13  14  17  23  13  17 


number  of  o b s f r v at i on s 


Mb  AM  = XbR  * SUM  (<<!>>/ N 1.33  75  0 0E  0 1 

ME  LI  AM  I.  4000  0 0E  01 

RaNGE 5*  000C00F  00 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM< <X( I )-XBR> **2)/N  = UVR  2.609375E  CO 

UfJ ADJUSTED  STANDARD  DEVIATION  = ...  1.6  15356c  00 


number  of  observations 


MEAN  = X bFi  * SUM  <<(!))  /N  

MEDIAN  

RANGE 

UNADJUSTED  CblASEL)  VARIANCE  = 
SUMC <X( I >-XBR> **2) /N  = UVR  .... 
UNADJUSTED  standard  deviation  = 


1. 6 125  0 OF 

G 1 

1. 7000001 

( 1 

1. 20000 0E 

0 1 

I. 160933b 

0 1 

3. 407263b 

oo 

= N0  7 BUILDING 
= 3 1 

=12  11  14  14  IP  12  11  IP 


=NQ  3 SAM  SITE  (350°) 

= 3 1 

=3  12  13  12  16  23  12  3 


NUMbF"  OF  OBSERVATION G 


MEAN  = XDF  = SUM  C X C I ) ) / N J.  2250  00b  0 1 

ME  LI  AN  1. 200000  F 01 

RANGE 3«  00000  0E  0 0 

UNADJUSTED  CblASEL)  UAMANCE  3 

SUM (<XC I >-X  nF) * * 2) /N  * UVR 1.  137500E  GO 

UNALJUSTED  STANDARD  DEVIATION  a ...  i.039725b  00 


NUMBER  OF  OBSERVATIONS 


MEAN  = X BR  = SUMCXC I > >/N  1.2J750CE  0J 

MEDIAN  1.2C00  0 0F  Cl 

RANGE 2.  00000  0b  01 

UNADJUSTED  CblASEL)  VARIANCE  = 

SUM  < C X C I ) -X  BP) • • 2) /N  * UVR 2.  923433b  0 1 

UNADJUSTED  STANDARD  DEVIATION  = ...  5. 406332b  00 


2.923433b  01 

5.406332b  00 


■NO  12  PIRU  BRIDGE 
= 3 1 

a 17  14  13  9 19  15  9 || 


= NO  5 SAM  SITE  (75°) 

= 3 1 

3 3 12  12  12  13  15  3 13 


NUMBER  OF  ObSEr  VAT  I 3N  - 


MEAN  * XbR  * SUMCXC  1))/N  1.337500E  0 1 

MEDIAN  1 • 4 0 0 0 0 OF  01 

P A\l  G E 1 . 0 0 0 0 0 0 E 01 

U4ACJf,STFD  C BIASED  ''API  AN  Ck  = 

r,V  < < XC  I ) -X  bR>  * * 2> /N  a UVR 1 • 1 43  4 33  F 0 1 

UMAi  JUSTED  STANDARD  DEVIATION  = ...  3.  33336CE  00 


NUMBER  OF  OBSERVATIONS 


MEAN  = X BF  a SUM(XCI))/N  I.2250C0L-  Cl 

3 EDI  AN  1.200C0CE  01 

RANGE 1.  0 0 0 0 0Gb  01 

UNADJUSTED  CblASED)  VAT  I AM  CF  = 

SUMC  CXC I ) - X BP) •*2>/N  a UVR 9.6375  00b  00 

UNADJUSTED  STAMDARL  DEVIATION  = ...  3.  I12475E  0 0 


*•10  2 BRIDGE  (180  ) 
* i 1 

a 6 3 3 7 3 3 9 9 


= NO  16  INDUSTRIAL  BLDG. 

= 3 1 

* 25  27  17  17  19  13  15  ?4 


NUMbbk  OF  OBSERVATIONS 


MI  - AN  * X BF 
McLlAN  ..., 
r AN  G E .... 
UN  ADJUSTED 

r»i<  <xc  i ' 

VMALJUCTF.D 


SUM < X ( I ) ) /N  7.3  7500  0b  0C 

3.000000b  00 

3.  0000  0 0b  00 


C BIASED)  VARIANCE  = 

- v ER)  * * 2)  /‘J  * UVR  .... 
I STANDARD  deviation  a 


3. 593750b- 0 I 
9. 270243b- 0 1 


NUMBER  OF  OBSERVATIONS 


MEAN  = XBR  * SUMCXC  1 > > /N  

MEDIAN  

RANGE 

UNADJUSTED  CblASED)  VARIANCE  a 
SUMC  CX( I ) -X  B°) ••2)/N  = UVR  .... 
UN  ADJUSTED  STAN  CARD  DEVIATION  a 


: . 025000b 

0 1 

1.  9 0 0000b 

0 1 

1. 200  0 C OF 

(>  1 

1.  7 13750b 

0 1 

4.  145  73  lb 

C U 

++--4H. 


’rA'ftrWF'Zjr  ■ 


NO  14  COLD  SPRINGS  CANYON  BRIDGE  *NO  11  POWER  DISTRIBUTION  STATION 

*3  1 *3  1 

*?6  24  24  23  23  17  19  27  » 16  19  I*  16  13  11  16  20 


NUMBER  OF  OBSERVATIONS •* 

MEAN  = XU?  » SUM ( X(  I > ) /N  2.  23  75 OOF  0 1 

MFDIAN  2.  4 0 0 0 0 0E  01 

KANGE 1.00000  OF  01 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUMC  ( X(  I )-XBR>  **2)/N  * UVR 9.859375E  00 

I’M  ADJUSTED  ST  AN  I'APD  DEVIATION  = ...  3.  1399641  00 


= NO  17  SOUTH  PUMPING  PLANT 
* 5 1 

*10  14  10  3 3 7 13  16 


NUMBER  OF  OBSERVATIONS 3 

MEAN  * XbR  * SIM(X(I))/N 1.675000F  01 

MEDIAN  1.30000  Or  01 

RANGE 9.  0000001  00 

UNADJUSTED  (BIASED)  * 5Al  U AN  CL  = 

SUM <(X(I)-X bR> • * 2) /N  * UVR 6.6376001  0C 

UNADJUSTED  STANDARD  DEVIATION  * !..  2.  6360201  CO 


=NO  13  GIBRALTAR  DAM 
*8  1 

*14  14  17  10  14  15  13  13 


N’’MBFF  OF  OBSERVATIONS 


3 NUMBER  OF  OBSERVATIONS 


i 


IE  AN  = XBP  = SUMC  X<  I > > /n  1.I376U0E  01 

ME  DI  AN  1.  0000001  0 1 

j'AN3E 1.  1 00  0 0 0E  0 1 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM( ( X( I ) -XBR) • * 2) /N  = ”V? I.  473437E  01 


UNADJUSTED  STANDARD  LEVI  ATI  JN  * ...  3.3  33533E  00 


MEAN  * XbR  = SUM  ( X ( I ) ) /N  I.437500E  Cl 

MEDIAN  1.400  0001  Cl 

RANGE 3 . 0 000  0 0E  0U 


UNADJUSTED  (BIASED)  VARIANCE  * 

SUM ( ( X ( I ) - X BP. ) * • 2 ) /N  » UVR 5.234375E  00 

UNADJUSTED  STANDARD  DEVIATION  * ...  2.23  73  76E  0 0 


-'10  7 BUILDING  *NO  3 SAM  SITE  (350°) 

= 31  = 3 1 

=13  12  II  15  12  14  12  14  =10  11  11  II  13  19  16  17 


v^-jMssrswe* 


= V0  14  COLD  SPRINGS  CANYON  BRIDGE  »NO  11  POWER  DISTRIBUTION  STATION 

•s  1 »8  I 

»2i  12  II  15  21  21  13  15  ,13  ,,  ,7  ,5  n ,4 


\ 


MUM  BL n.  OF  ObSEP.Vf.TI  JM  S 


MUM  HEP  OF  OBSERVATIONS 


MEAN  a XBF  a SUM ( X ( I > > /M 

M FBI  AM  

RANGE 

UN  ADJ USTEL  (BIASED)  VARIANCE  = 

SUM( (X( I >-XBR) **2)/M  s uvn  

UM ADJUSTED  STANDARD  DEVIATION  = ... 


I.  675U0UE.  01  MEtfJ  a XBR.  = SUM<X(I))/N  

1*7  0000  0E  01  MEDI  Mi 

1.  1 00  00  OF  0 1 RANGE  

UNADJUSTED  (BIASED)  SOIANCE  = 

1 • 76d  76  0E  01  SUM( (X( I )-XBP) *»2) /N  = UVR 

A.? 0565  IE  CO  UNADJUSTED  STANDARD  DEVIATION  = ... 


1.375000L  01 
1.400000F  01 
6.0000CPE  CO 

3.  63  75  0 0E  00 
1.92G236E  U0 


= N O 17  SOUTH  PUMPING  PLANT 
= 3 1 

=15  10  11  15  14  12  14  13 


»NO  13  GIBRALTAR  DAM 
*6  1 

« 13  15  16  19  14  17  16  14 


N'ML-E!  OF  3 

MEAN  a XBR  = S*J4(XCI)>/N  1.300000E  0 1 

MEDIAN  1.400  0 0 0E  01 

PAN  CiE  5 . 00000  0E  00 

UNaLJUSTFI.  (FlAfED)  'aM/OJCE  = 

r,TM(  ( X(  I >-XBR)  **2)/N  = UVR 3.  00  0000E  00 

UNADJUSTED  STANDARD  DEVIATION  = ...  1.73205  IE  00 


sNO  7 BUILDING 
*3  1 

= 113  9 7 II  19  9 11 


NUMBER  OF  OBSERVATIONS 3 

MEAN  = X BR  = SUM(X(I))/N  1.6  125  OOF  Cl 

MEDI  AN  1.6G00  00E  01 

RANGE 5.  00000 0E  00 

UNADJUSTED  ( bl  ASLD)  VARI  AN  CE  * 

SUM((X(I)-X  BP) • • 2) /N  = UVR 2.359375 E 00 

UNADJUSTED  STANDARD  DEVIATION  = ...  1.69  09  69?'  0 0 


=NO  3 SAM  SITE  (350°) 
a 7 1 

=10  10  12  13  12  109 


•jt'M  bFR  OF  OBSERVATIONS 

MEAN  a XbP  * SUM (X(I))/M  

MEDIAN  

RANGE. 

UN  ADJ"5Ttr  (BIASED)  VARIANCE  a 

SUM(  (X(  I )-XbD  *»2)/N  = UVR 

UNADJUSTED  STANDARD  DEVIATION  a ... 


* NUMBER  OF  OBSERVATIONS 7 

1 . 0625  0 0E  0 | MEAN  = XBR  » SUM(X(I))/N  1 • 08  S 7 1 4*F  u 1 

1»10C0P0E  0 } MEDIAN !•  0000  ODE  (1 1 

1.200000E  01  RANGE 4.00C000F  00 

UNADJUSTED  (BIASED)  VARIANCE  a 

1.  198 433 E Cl  SUM ( (X(  I )-XBR)  •*2)/N  = UVR 1.336735F  CO 


3.  461346E  00  UNADJUSTED  STANDARD  DEVIATION  = ...  1.355262E  GC 


=. JO  12  PTRU  BRIDGE 
* 6 1 

all  IP  22  14  11  12 


aNO  5 SAM  SITE  (75°) 

= 3 I 

a u 9 II  15  3 3 13  9 


*1 


ft 


t . 


NUMBER  OF  OBSERVATIONS 


NUMBER  OF  OBSERVATIONS 


3 


MEAN  = XbP  = S’*M(X(I))/N  1.366667E  01 

MEDIAN  • • 1.20000  0E  01 

RANGE 1.  1 0000  0E  01 

UNADJUSTED  (BIASED)  VARIANCE  * 

SUM ( C X ( I ) -X BP)  * * 2)  /N  = UVR 1.433339E  0 1 


UNADJUSTED  STANDARD  DEVIATION  a ...  3.3  53  6 12E  0 0 


MEAN  = XBR  * SUM(X(I))/N  1.  037500?  Cl 

MEDI  AN  I.  1 0 00  0 0E  0 1 

RANGE 7.  0C  0000F  00 

UNADJUSTED  (BIASED)  VARI  AN  CE  = 

SUM( (X( I )-XBP) **2)/N  a UVR  6.359375E  00 


UNADJUSTED  STANDARD  DEVIATION  * ...  2.  6 19  04  IE  00 


=MQ  2 BRIDGE  (180°) 
*3  1 

a*  7799769 


*NO  16  INDUSTRIAL  BLDG. 

*3  1 

= 14  16  II  15  13  1721  15 


V 


NUMBER  OF  OBSERVATIONS 5 NUMBER  Op  OBSERVATIONS 8 

MEAN  = YbR  * SUM  ( X C I > > /N  7.7S0000E  00  ME«8  , ifBR  = SUN(«(I))/N  I.  587500E  01 

MELI  AN  8.  00000  0E  00  MEDI/W  I.  600000E  01 

RA'IGE 3.  00000  0E  00  RANGE I.OOOOOOE  01 

UNADJUSTED  (BIASED)  VARIANCE  = UNADJUSTED  ( bl  ASEC)  VARIANCF  = 

SUMC  (TCD-TBR)  »*2>/N  =>  "VR 1.  187500E  00  SUM<  ( XC  I >-XBR>  • • 2)  /N  = UVR 7. 5003751  00 

UNACJUSTED  STANDARD  DEVIA.TION  * ...  I.  039725E  00  (READJUSTED  STANDARD  DEVIATION  « ...  L.7585ICE  00 


B-G 


Table  B-6 


i ? 


L 


\ 


Data  for  512  x 0.75,  BER  ■ 0 Simulation 


MO  14  COLD  SPRINGS  CANYON  BRIDGE 

■3  I 

*24  20  25  26  24  Id  23  21 


NUMBER  OF  OBSERVATIONS 8 

MEAN  * MLR  • SUM(X(I))/N  2.  32500QE  01 

MEDI  AN  2*  40 0 0 0 0E  01 

F.tfJGE  1-  00000 0E  01 

UNADJUSTED  (BIASED)  VARIANCE  * 

SUM ( ( X(  I )-XBR)**2)/N  = 9-667500F.  00 

UNADJUSTED  STAJDARD  DEVIATION  * ...  3- 112475E  00 


*NO  17  SOUTH  PUMPING  PLANT 
*3  1 

» 13  14  15  13  13  14  12  12 


NUMBER  OF  OBSERVATIONS 8 

MEAN  = XBR  * SUM  < X ( I ) ) /N  1.  325000E  01 

MEDI  AJ  1.  30  00  0 0E  01 

TANGE  3-  00  000 0E  00 

UNADJUSTED  (blASED)  VARIANCE  a 

SUM( CX< I ) -XBR) *• 2) /N  * UVR  9.375000E-0  1 

UNADJUSTED  STANDARD  DEVIATION  a ...  9 . 63  24'8  E-  0 1 


*NO  7 BUILDING 
a 3 1 

aid  12  1 *1  19  13  13  14  11 


NUMBER  OF  OBSERVATIONS 8 

MEAN  * XBR  = SUM  < X<  I ) ) /N  1.462500E  01 

MEDIAN  I.  40  00  00E  01 

RANGE 3.00000  0E  00 

UNADJUSTED  (BIASED)  VARIANCE  * 

SUM( (X( I )-XBR)**2)/N  * UVR  9.234375E  00 

UNADJUSTED  STANDARD  DEVIATION  a ...  3.  0338  1 1E  00 


a.NO  12  PIRU  BRIDGE 
= 3 1 

all  14  11  11  12  14  15  14 


NTfMBER  OF  OBSERVATIONS 


MEAN  = XBR  a SUM  ( X ( I ) ) /N  

MEDI  AN  1 • 400000 F- 

4.  000000E  00 

l UNADJUSTED  (BIASED)  JAMANCE  = 

SITMC  (X(  I )-XBR)  **2)/N  a UVR  .... 

UNADJUSTED  STANDARD  DEVIATION  a 


1.275000E 

0 1 

1. 400000F. 

01 

4. 000000E 

00 

2.  43 75  0 0E 

00 

1. 561249L 

00 

a'JO  2 BRIDGE  (180°) 
a 7 1 

*3  1239933 


NUMBER  OF  OBSERVATIONS 


MEAN  * XBR  = SUM(X(  I ) 

MEDIAN  8 - 00000  0E 

RANGE ... 

UN  ADJUSTED  (BIASED)  VARIANCE  a 
SUM ( ( X ( I ) -XBR) * * 2) /M  a UVR  .... 

UNADJUSTED  STANDARD  DEVIATION  a 


3.  357  143E 

00 

8- 000000E 

00 

4. 000000E 

00 

1.336735E 

00 

1. 355262E 

00 

*NO  11  POWER  DISTRIBUTION  STATION 
*8  1 

*26  15  20  25  19  22  25  26 


NUMBER  OF  OBSERVATIONS 3 

MEAN  * XBR  » SUM  ( X ( I ) ) /N  2.225000*  Cl 

MEn  AN  2.  5 0000  0B  01 

RANGE 1.  1 0 0 0 0 0L  0 1 

UNADJUSTED  (BIASFD)  VARIANCE  * 

t SUM  ( ( X(  I ) -XBR)  • • 2)  AN  a UVR 1.39  375  OF  0 1 

UNADJUSTED  STANDARD  DEVIATION  = ...  3.7  3329  6!  0 0 


=NO  13  GIBRALTAR  DAM 
a 7 1 

* 13  14  27  26  18  14  16 


N1*M BE R OF  OBSERVATIONS 7 

MEAN  * XBR  a SUM ( X ( I ) > /M  1.9  0 00  0 Or  Ql 

MEDIAN 1.3  000001  0 1 

RANGE 1.3000  0 0E  0 1 

TTNADJUSTED  (BIASED)  VARIANCE  = 

[ SUM ((X(I)-X Bc) * • 2) /N  * UVR 2-435714F  01 

UNADJUSTED  STANDARD  DEVIATION  = ...  4. 93 569 4E  0 0 

aNO  3 SAM  SITE  (75°) 
a 3 1 

a 19  12  19  16  13  14  25  12 


NUMBER  OF  OBSERVATIONS 


MEAN  * X BP  * SUM(X(I))/N 

MEDIAN  

RANGE 

TW  ADJUSTED  (BIASED)  VARIANCE  = 

SUM ((X(I)-XBR)**2)/N  = UVR  1.660937E 

UNADJUSTED  STANDARD  DEVIATION  * 


1-6375007 

0 1 

1-3  00 0 0 OK 

0 1 

1- 300000E 

0 1 

1.66U937E 

0 1 

4.  0 7546  0B 

0 0 

*NO  5 SAM  SITE  (75°) 

*7  1 

a 16  15  22  14  13  26  9 


NUMBER  OF  OBSERVATIONS 7 

MEAN  * XBR  * SUM ( X ( I ) ) /N  1.6428  57E  0 1 

MEDIAN  1. 50000  0E  01 

RANGE 1 . 7 0 00 0 OF  01 

UNADJUSTED  (BIASED)  VARIANCE  ■ 

SUM  ( ( X(  I ) -XBP)  * • 2) /N  * iJVH 2.8  2449  0E  0 1 

UNADJUSTED  STANDARD  DEVIATION  * ...  5.  3 1459  3E  00 


= NO  16  INDUSTRIAL  BLDG. 

*8  1 

3 22  20  24  24  19  20  23  20 


NUMBER  OF  OBSERVATIONS 8 

MEAN  » XBR  a SUM(X(I))/N  2.  150000B  Ul 

MEDIAN  2*  2 0 0 0 0 0E  01 

RANGE  5.  00000 OF  00 

UNADJUSTED  (BIASED)  VARIANCE  * 

SUM( (X( I )-XBR) •*2)/N  * >r;  3.500000E  00 

UNADJUSTED  STANDARD  DEVIATION  * ...  1-3  708  29E  00 


B-7 


AiailAiMBltflifeaAiiMflttaiM 


*«H  -V*- 

_ 1 


1 


■J 


T*ser*».*r  * 


Data  for  512  x 0.75,  BER  - 10*3  Simulation 


MO  14  COLD  SPRINGS 
■3  1 

*30  17  23  22  23  24  17  20 


=MO  11  POWER  DISTRIBUTION  STATION 
*7  1 

= 15  13  24  19  18  20  16 


NUMBER  OF  OBSERVATIONS 


NUMBER  OF  OBSERVATIONS 


MEAN  = X BF  = SUM(X(I))/N  2.2625  0 0E  0 1 

MEDIAN  2*30000  0E  0 1 

RANGE 1. 30000  0E  01 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM CC<<I  >-KBT  ) = UVR 1.948438E  01 

UNADJUSTED  STANDARD  DEVIATION  = ...  4.41411  IE  00 


MEAN  s X Bfi  * SUM(XCI))/N 1.357  1431  01 

MFDI  AN  1.8  000  00E  0 1 

pANGE 9.  000 00 0E  OP 

UNADJUSTED  (BIASED)  VARI/WCE  » 

sum  (cx(i)-'K  BP)  * * 2)  /:■}  * uvr- 7.3177551  00 

UNADJUSTED  STANDARD  DEVIATION  = ...  2.  7 18  042F  0 0 


= NO  17  SOUTH  PUMPING  PLANT 
= 3 1 

=14  11  13  13  12  11  12  17 


= NO  13  GIBRALTAR  DAM 
= 3 1 

=17  16  24  22  15  16  16  17 


NUMBER  OF  OBSERVATIONS 


NUMBER  OF  OBSERVATIONS 


ME/W  = XBR  * SUM  ( X ( I ) ) /N  1.287500E  01 

MEDIAN  1.30000UE  01 

FANGF  6.000000E  00 

UNADJUSTED  (blASED)  VARIANCE  = 

SUM ( ( X( I ) -X  BP) * * 2) /N  = UVR 3-359375E  00 

UNADJUSTED  STANDARD  DEVIATION  - ...  1 » 3 32S  bUL  0 0 


MEAN  * XBR  » SUM(X(I))/N  1.7375001  ul 

MEDIAN  1.70  0 00CE  0 1 

RANGE 9. 0 00 0 0 OF  OP 

UNADJUSTED  (blASED)  1 2ft QI  MICE  a 

SUM(  ( V(  I >-XbF)  **2> /N  a UVR 9.3*937SF  00 

UNADJUSTED  STANDARD  DEVIATION  = ...  3*  0593  I GE  fP 


=NO  7 BUILDING 
= 3 1 

=129  11  14  14  1093 


=NQ  3 SAM  SITE  (350°) 

= 3 1 

=9  15  13  16  13  8 11  10 


NUMBER  OF  OBSERVATIONS 


NUMBER  OF  OBSERVATIONS 


MEAN  = XBR  = SUM ( X ( I ) ) /N  U 087500E  0 1 

MEDIAN  1.  10000 0E  01 

RAN GE 6.000Q00E  00 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM  ( ( X ( I ) -XbR)  * * 2)  AN  = UVR 4.609375F.  00 

ADJUSTED  STANDARD  DEVIATION  * ...  2.  146946E  00 


MEAN  = XBF  = SUM(X(I))/N 1.J  12500E  Cl 

MEDIAN  1.5 OOOOOE  0 1 

RAN  GF  1.  0 0 0 0 0 0F  01 

UNADJUSTED  (blASED)  VARIANCE  = 

SUM (<X(I)-X  BP) * * 2) /N  = UVR 1.4609  37E  0 1 

UNADJUSTED  STANDARD  DEVIATION  a ...  3.322221F  P0 


fNO  12  PIRU  BRIDGE 
= 7 1 

=11  1 U 6 10  12  118 


= NO  5 SAM  SITE  (75°) 

= 3 1 

= 19  6 22  18  14  12  10  3 


NUMBER  OF  OBSERVATIONS 


NUMBER  OF  OBSERVATIONS 


MEAN  = XBR  = SUM  ( X ( I ) ) /.N  9. 7 1 428  6E  0 0C  MEAN  a XbR  = SUM(X(I))/N 


MEDIA!  1 . OQOOOOE  01 

RAN  GE * 6.  000000  F.  00 

UNADJUSTED  (BIASED)  VARIANCE  » 

SUM ( (X( I )-XBK) **2)/N  = UVR  3.632653E  00 

UNADJUSTED  STANDARD  DEVIATION  = ...  1.9  059  52E  0 0 


3.632653E  00 


1 . 3625  0 OF  Ul 

MEDIAN  1.400  0 0 0E  0 1 

RANGE 1.6  0 0 0 POE.  Cl 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM ( ( X ( I ) -XBR) * * 2) /N  = UVR 2.793437F  PI 

UNADJUSTED  STANDARD  DEVIATION  a ...  5.290026E  0 0 


=NO  2 BRIDGE  (180°) 
= 8 1 

0339  10787 


=NQ16  INDUSTRIAL  BLDG. 

= 7 1 

= 15  17  20  12  13  20  1 1 


NUMBER  OF  OBSERVATIONS 


MUM  BET  OF  OBSERUATIONS 


MEAN  = XbR  « SUWCXC I ) >/N  3.250  0 00E  0 0 

MEDIAN  3-  00000  0E  0 0 

range 3.  on 00 oof  00 

UNADJUSTED  (LIAGFL)  VARIANCE  * 

SUM  ( < X(  I ) - XBR)  * * 2)  /N  = UVR 9.  375000E-PI 

UNADJUSTED  STANDARD  DEVIATION  = ...  9.632453F-P1 


9. 375000E- 0 1 
9. 63 2453 F- 0 1 


MEAN  = XBR  a SUM ( X < I ) ) /N 1.5  423  5 7E  0 1 

MEDIATE  1. 5U00Q0E  01 

RANGE 9.  0 0 000  OK  0 0 

’JN ADJUSTED  (BIASED)  VARIANCE  * 

SUMC  (X(  I )-XBR)**2)/N  a UVP. 1.167347L  01 

UNADJUSTED  ST/WDA^D  DEVIATION  = ...  3.  4 16646E  00 


■#  a*  *. 


nat&ar  i 


Data  for  256  x 2,  BER  * 0 Simulation 


MU  14  COLD  SPRINGS 
= 7 1 

•2Z  20  27  22  22  13  20 


■NO  II  POWER  DISTRIBUTION  STATION 
= 6 1 

* IS  13  19  IS  14  20 


NUMBER.  OF  0137 ERA* ATI O.JS 


MEAN  = Xbl  = SUM(X(l))/N  2.  035714E  01 

MFDIaN  2.  200000F  01 

FAN  OF. 1.400000E  01 

UNADJUSTED  (BIASED  JAUANCE  = 

SUM  ( ( X ( I > - X bf.)  **  2)  /N  * "UR I • 49  79  57  E Ul 

UNADJUSTED  STANDARD  DEVIATION  = ...  3.3  7 0 343  E:  0 0 


NUMBER  OF  OBSERVATIONS 


MEAN  * X bR  * SUM  < X ( I ) ) /N  1. 6 3 33  3 37.  0 1 


MEDIAN  1.3  0 0 0 0 01  0 1 

RANGE 7.  000000E  0 0 

UNADJUSTED  < bl  ASED)  VARIANCE  = 

SUM(  <X(  I >-XBR)**2)/N  » UVR 6.  2222221-  00 

UNADJUSTED  STANDARD  DEVIATION  = ...  2.  494433L  00 


SN  "J  17  SOUTH  PUMPING  PLANT 
= 6 1 

=14  23  20  20  22  13 


=NO  13  GIBRALTAR  DAM 
= 3 1 

=17  17  11  15  11  20  25  3 60 


MnM  BE  F-  OF  ObS  E RV  ATI  ON  S 


ME  AN  = XbP  = SUM  < X ( I ) ) /N  1.95000  OF  01 

MEDIAN  2.00C000L  0 1 

RANGE  9. 00000  0E  00 

UNADJUSTED  (LI  ASED)  5A  C I AN  CE  = 

StIMC  <X<  I )-XBD  »*2>/N  = >l  7 5 3. 53  33 3 3F.  0 0 

UNADJUSTED  STANDARD  IF"IATIOn  = ...  2.929733 E 0 0 


NUMBER  OF  OBSERVATIONS 


MEAN  = X bR  * SUM  ( X < I ) ) /N  1.3250  0 0E  01 

MEDIAN  « 1.  70  0 0 0 UE  01 

RAN  1.700000  r.  01 

UNADJUSTED  ( bl  ASED)  5ATIANCE  = 

SUM  ( ( X ( I ) -X  bR)  * * 2)  /N  = UVR 3*  3 13  75  07  0 1 

UN  ADJUSTED  STANDARD  DEVIATION  = ...  6.  179  604L  0 0 


*NO  7 BUILDING 
*€  1 

=14  12  13  13  1021 


■NO  3 SAM  SITE  (350°) 

= 3 1 

=1032199  113  12 


NUMLFR  OF  OBSERVATIONS 


NUMBER  OF  OBSERVATIONS 


1.33  3333L  0 1 
I.300000E  01 


M Fan  = XbP  = SlTM(X(I))/N  1 • 33  3333E  0 1 

ME  LI  AN  1.30000  Q£  Ot 

TANGE  1 . 1 0 000  0E  01 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM( (X( I )-XbR) **2)/N  = UVR  1.130556E  01 

UNADJUSTED  STANDARD  DEVIATION  = ...  3.435921F.  0 0 


MEAN  = XBR  * SUM  ( X ( I ) ) /N 

MEDI  AN  

RAJ  

UNADJUSTED  (BIASED)  VARIANCE  = 
SUM ( ( X ( I ) -X  BR) * * 2 ) /N  = UVR  .. 
UNADJUSTED  STANDARD  DEVIATION 


1.  1 0 00  OOF  0 1 
1.  000  0001  Cl 
1 . 3 0 0 0 0 0E  01 

1 * 6 0 0 0 0 0E  Cl 
4. OCOOOOE  00 


■NO  12  PIRU  BRIDGE 
= 3 1 

=7  11  12  10  11  11  117 


=NO  5 SAM  SITE  (75°) 
= 7 1 

= 9 3 22  3 14  12  16 


NUMBER  OF  OBSERVATIONS 


MEAN  = XbR  = SUM  ( X ( I ) ) /N  1. 05000  0E  01 

MEDI  A-J  1.  100000E  01 

RANGE  * 3.  00000  OF.  00 

UNADJUSTED  (BIASED)  VAPIANCE  = 

SUM ( ( X ( I ) -XBR) * * 2) /N  = UVR 1 • 00000  0E  00 

UNADJUSTED  STANDARD  DEVIATION  = ...  1 . 0 0 0 0 0 0E  00 


NUMBER  OF  OBSERVATIONS 


MEAN  = X BP  = SUM  ( X ( I ) ) 

MEDIAN  

RANGE 

UNADJUSTED  (BIASED  VARIANCE  = 
SUM  ( ( X ( I ) -XBR)  * * 2)  / *J  = UVR  .. 
UNADJUSTED  STANDARD  DEVIATION 


1.271429L  01 
I.2C000CE  01 
1.400000E  01 

r.  24393  OF  n 
4. 74234  IF  00 


=NO  2 BRIDGE  (180°) 
■3  66  1 

=79  103  113 


= NO  16  INDUSTRIAL  BLDG. 

*3  1 

=14  17  24  15  14  15  15  25 


NUMfcEF  OF  OBSERVATIONS 


MEAN  = XBR  = SUM  ( X ( I ) ) /N  7.I66667E  00 

MEDIAN  ••.•••••••• 7.  000000  E 00 

■PM  ~ c 3.  00000  0E  00 

UNADJUSTED  (BIASED)  VAPIANCE  = 

SUM ( (X( I )-XBR) • # 2) /N  = UVR  1.133339E  00 

UNADJUSTED  STAJDAPD  DEVIATION  * ...  1.067 13  7E  00 


NUMBER  OF  OBSERVATIONS 


ME  AJ  = XBR  = SUM  ( X ( I ) ) /N  1.737500E  01 

MEDI  AJ  ••••••• 1. 6 000  0 GL  0 1 

RANGE  ••••• J.  10  00  OOF  Ul 

1 *N ADJUSTED  (BIASED)  VARIANCE  = 

SUM( ( X( I ) -XBR) • • 2) /N  * UVR  1.773437E  01 

UNADJUSTED  STANDARD  DEVIATION  = ...  4.21  1220E  l1 0 


a*pi  jBa**-**  u 


Table  B-9 


Data  for  25b  x 2,  BER  ■ 10“3  Simulation 


»NJO  14  COLD  SPRINGS  CANYON  BRIDGE 
= 3 1 

= 14  ?4  24  25  23  22  25  19 


NO  11  POWER  DISTRIBUTION  STATION 
= 9 1 

=1321  14  16  13  22  21  19  15 


number  of  observations 


“IE  AM  = X br  = 5"M(  X(  I ) ) /M  2.20C0C0t 

MEET  AM  2.  400  0 001* 

hamge 1*  1 00  0 00E 


UM  A LOVE  TED  (MASED)  "ARIANCE  = 

SIM<  (X(  I )-XBF)  »*2>/.M  = UVR 1.250000E 

> UN  ADJUSTED  SIAM  LARD  Df  ?,I  ATI  DM  * ...  3.535534E 

\ 

3MO  17  SOUTH  PUMPING  PLANT 
= 1 1 

= 12  17  11  13  15  16  16  7 


MUM  LET?  OF  OBSERVATIONS 


MF.AM  = MLR  = SUM  ( X ( I ) ) /N  1-  33  75  0 (IE 

MEDIAN  1. 5 000  0 0E 

RANGE 1.  0 0 000 0E 

UNADJUSTED  < bl  ASED)  OAOIANCE  = 

CUM  ( ( X(  I ) -X BR) * # 2) /M  = UVR 9.734375b 

UNaDJUSTEL  STANDARD  DEVIATION  = ...  3.  119996E 


=UO  7 BUILDING 
= 7 1 

=10  10  12  106  11 
= 1 0 


•’TILER  OF  OBSERVATIONS 


MEAN  = * SVM(X(I))/N  9.557  1 43E 

MEDIAN  1. 00000  0E 

RAN GE  6*  000000 E 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM<  (X(  I )-XbR)  **2)  AN  = UVR 2.979592E 


UNADJUSTED  STANDARD  LF.VIATION  = ...  1.726149E 


*NO  12  PIRU  BRIDGE 
= A 1 

=9  II  12  13 


3 numlcr^^observations 


01  MEAN  * Mbit  « SUM(X(I))/N  1.MI1111F  01 

1,1  MEDIAN  1.300000  E 0 1 

ui  raj ge  9.  ooooo of  no 

UNADJUSTED  (BIASED)  VARIANCE  = 

01  SUM  ( ( X ( I > -XBR)  * • 2 > / .N  = UVR 8.0957651:  (' U 


00  UNADJUSTED  STANDARD  DEVIATION  = •••  2.  3 4 53  33?  0 0 


= NO  13  GIBRALTAR  DAM 
= 9 1 

= 19  12  24  15  14  22  13  14  15 


3 

NUMBER  OF  OBSERVATIONS  9 

0 1 

01  MEAN  = X BR  = SUM(X(I))/N  1.644444E  01 

0 1 MEDIAN  1.5  0000  0E  01 

RANGE 1.20  00  0 0E  0 1 

0 0 UNADJUSTED  (BIASED)  VARIANCE  = 

00  SUM  ( ( X ( I ) -XBR)  * * 2)  /N  = UVR 1.53G247E  01 


UNADJUSTED  STANDARD  DEVIATION  = ...  3.975232b  OG 


=NO  3 SAM  SITE  (350°) 

= 9 1 

= 3 9 14  13  13  10  10  10  16 


7 NU1#EP  OF  OBSERVATIONS 9 

0 0 MEAN  = XBR  = SUM(X(I))/N  U 144444E  0 1 

0 1 MEDIAN  1.  0 000  OOF  0 1 

0 0 RAN  G E 5.00000  0 c 00 

UNADJUSTED  (BIASED)  VARIANCE  = 

00  SUM  ( ( X ( I ) - X BR)  * * 2)  /N  = UVR ->.2469  I4E  00 

0 0 UNADJUSTED  STANDARD  DEVIATION  = (.  . 2.  49  9 33  3b  0 0 


= JO  5 SAM  SITE  (75°) 

= 9 1 

= 143  103  28  10  11  118 


NUMBER  OF  OBSERVATIONS 


4 NUMBER  OF  OBSERVATIONS 


) 


MEAN  = <fcn  = SUM  ( X ( I ) > /N  1 . 125000E  0 1 MEAN  = XBR  = SUM(X(I))/N 

ME  LI  AN  1.200  0 0 OF  0 1 MEDI  AN  

RANGE 4.  0 0 000 0E  00  RANGE 

UNADJUSTED  (BIASED)  VARIANCE  = UNADJUSTED  (BIASED)  VARIANCE  = 

SUM ( (X( I ) - X BP) * * 2> /N  = UVR 2.  13  75  0 UE  00  SUM ( ( X ( I ) - X BP) * * 2) /N  = UVR 

UNADJUSTED  STANDARD  DEVIATION  = ...  1.479  020E  00  UNADJUSTED  STANDARD  DEVIATION  = ... 


1.200000E  01 

I • 000000E  01 

2.  OGOC'OOE  0 1 

3.  533333E  C 1 
5.  9 44 13  5E  00 


S- 

i 

I 

i 

l 


*NO  2 BRIDGE  (180°) 
= 5 1 

=1639  11  11 


*NO  16  INDUSTRIAL  BLDG. 

= 9 1 

= 17  25  22  22  27  22  16  P7  15 


NUMBER  OF  OBSERVATIONS 5 NUMBER  OF  OBSERVATIONS 9 

MEAN  = XBR  = SUM  ( X(  I > > /N NI  00000F.  0 1 MEAN  = XBR  = SUM(X(I))/N  144444?  Cl 

MEDI  AN  I.  1 0 000 0E  01  M ELI  AN  2.  2000001-  01 

RANGE 3.  C0000  0E  00  RANGE 1. 20  000  0L  01 

UNADJUSTED  (BIASED)  VARIANCE  * UNADJUSTED  (El  ASED)  VARIANCE  = 

3,TM(  (X(  I )-XLR>  #*2)/N  = UVC 7.6000  00E  0 0 SUM ( ( X ( I ) -XBR)  * • 2) /N  * UVR 1.3  469  14F  0 1 

UNADJUSTED  STANDARD  DEVIATION  = (. . 2.  7563  1 0E  00  UNADJUSTED  STANDARD  DEVIATION  = ...  4.  2975731  00 


* 


B-  10 


Table  B-10 


Data  for  256  x 2,  BER  ■ 0,  Interpolated  Simulation 


■NO  14  COLD  SPRINGS 
■ 3 1 

*23  19  23  24  19  22  22  24 


■NO  11  POWER  DISTRIBUTION  STATION 
*7  1 

* 14  20  23  26  12  25  28 


MUM  HEP.  OF  Ob  SEDATIONS 


NUMBER  OF  OBSERVATIONS 


MEAN  * XBR  = SUM(X(I>>/N  ... 
MEDIAN 


UN  ADJUSTED  (BIASED)  VARIANCE  = 
?IM<  (X(  I )-XBR)  **2>/M  = 50*:  (. 

UNADJUSTED  STA1LARD  DEVIATION 


2.200000E  01 
2.300C00E  01 
5. OOOOOOE  00 

3- 5 0 0 0 0 OF  00 
1.8  7 08  29  K 0 0 


MEAN  = XBR  = SUM(X(I>>/.N  2#  1 1 423 6F  0 1 

MEDIAN  2.  300000E  Ci 

RANGE 1.60000  OF  01 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM ( ( X(  I ) -X  BE) **  2) /N  * UVR 3.212245?  01 

UNADJUSTED  STANDARD  DEVIATION  = ...  5.667667E  00 


=NO  17  SOUTH  PUMPING  PLANT 
= 3 1 

=16  16  15  15  11  13  12  14 


=NO  13  GIBRALTAR  DAM 
= 7 1 

= 13  16  13  15  14  2 0 22 


NUMBER  OF  OBSERVATIONS 


NUMBER  OF  OBSERVATIONS 


MEAN  = XBR  = SUM ( X ( I ) ) /N  1. 40  00  0 0E  01 

M EDI  AN  I.  5 0 0 0 0 0E  01 

PAN GE 5.  OOOOOOE  0 0 

UNAW’STED  (BIASED)  f R (I  Ai'JCE  = 

SUM ((X(I)-X  BR) » * 2) /N  = UVR 3. OOOOOOE  00 

UN  ADJUSTED  STANDARD  DEVIATION  = ...  1.73205  IE  0 0 


ME  A0  = XBR  = SUM  ( X( I ) ) /N  1.6857  141  Cl 

MECI  AN  1.6  0 0 00  Or  0 1 

RANGE 9.  0 0 000  OF  C L 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM ((X(I  )-XBF)**2)/:J  = «*VR 9.26R3P6E  00 

IN  ADJUSTED  STANDARD  DEVIATION  = ...  3. 04339 7t  0 0 


= NO  7 BUILDING 
= 7 1 

=1?  10  10  139  12  12 


=NM  feQ  3 SAM  SITE  (350°) 
= 3 1 

=11  10  12  24  3 9 16  17 


MINDER  OF  OBSERVATIONS 


NUMBER  OF  OBSERVATIONS 


MEAN  = XBR  = SUM  ( X ( I > ) /N  1.11423  6E  0l 

MEDIAN  1.200  0 0 0E  0 1 

RANGE ....  4.  OOOOOOE  00 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM ( ( X ( I ) - X DR) * * 2) /N  = UVR 1.8  36735E  0 0 

UNADJUSTED  STANDARD  DEVIATION  = ...  1.355262E  00 


MEAN  = XBR  = SUM  ( X ( I ) ) /N 1.  3375GUE  0 1 

MEDIAN  1.200  0 0 0E  0 1 

RANGE 1.6  000  DOE  01 

UNADJUSTED  ( bl  ASED)  VARIANCE  = 

SUM((X( I >-XBR) **2)/N  = UVR 2.493437E  0 1 

UNADJUSTED  STANDARD  DEVIATION  = ...  4.998437:-  Of; 


■NO  12  PIRU  BRIDGE 
= 6 1 

=939  109  11 


■NO  5 SAM  SITE  (75°) 

= 3 1 

=10  10  26  16  12  10  23  20 


NUMBER  OF  OBSERVATIONS 


MUM BE"  OF  OBSERVATIONS 


MEAN  = XBR  = SUM  ( X ( I ) ) AN  9.333333F.  0 0 

MEDIAE  9* OOOOOOE  00 

RANGE  3*  OOOOOOE  00 

i.TJ ADJ USTED  (BIASED)  CF9IANCE  = 

S»JM(  ( X(  I ) -XBR)  *•  2)  /M  = ’ M* > 3.338389E-01 

UN  ADJUSTED  STANDARD  DEVI  ATI  OtN  = ...  9.428  09  0E-0I 


MEAN  = XBR  = SUM(X(I))/M  1.65C0  0 0E  0 1 

MEDIAN  1.60000  OF  01 

RANGE’ 1.800000  !•  C\ 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM  ((X(I)-X  BR)  * * 2)  /N  = UV'-  4.776000?  U1 

UNADJUSTED  STANDARD  DEVI  ATI  UN  = ...  £.91013  7E  UO 


■NO  2 BRIDGE  (I80<>) 
= 3 I 
=9  3 10 


■NO  16  INDUSTRIAL  BLDG. 
*7  1 

= 15  12  23  3 23  16  26 


NUMBER  OF  OBSERVATIONS 


MEAN  ■ <B P ■ 

MEDIAN 

RANGE 

UNADJUSTED  ( 
SIM(  (X(  I )-X 
UNADJUSTED  S 


SUM ( X( I ) ) /N  9. OOOOOOE  00 

9. OOOOOOE  00 

2. OOOOOOE  00 

BIASED)  VARIANCE  * 

Bn)»*2)/'J  = UVB 6.666667E-0  1 

TANDARD  DEVIATION  = ...  3.164966E-01 


UMBER  OF  ODSERVATI  ON  S 


XbP  = SUM( <( I ) )/N 


1.757143E  01 


MEDIAN  1. 6 0000  0E  01 

RANGE 1.3  000  001  01 

UNADJUSTED  (BIASED)  VARIANCE  * 

SUM  ( ( X ( I ) -X  BF.)  **  2)  /N  = UVR 3.  733776E  01 

UNADJUSTED  STAN  CARD  DEVIATION  * ...  6.1I4553E  CO 


*■  *« 


Table  B-ll  Data  for  Each  Simulation 


*N  1 Baseline 
*13  1 

» n • f 1 3 . s p 1^.1 

20.6  17.4  16.2 


16.4  17.4  P 16.2  19.5 


H'TT  A'/'!!  f 

6^1  /...  L 


NO  6 512  x 0.75;  BER  - 0 

^ 1 

a 1 6.  I 12.7  16.6  16.3  IS.  3 13.2  13.2  1 1 . 3 


fPOV 

WUI  i 


\ 


NUMBER  IF  OBSE!  VATIOM  S 13 

MEAJ  = rhr'  * SUM( <( I > ) AN 1.  * 0 76 3 2Z  Cl 

MI-1  I /N  1.  3 50  f:  COL  0 1 

r i»4  c.t  4.  6 COO  Cl  lit  to 

l«N  ADJUSTED  (olASED)  VARIANCE  = 

St  *><1  < ( y ( I ) - < Br’>  • • 2> /N  * »••»!> 2.  172504F,  (I  U 

UN/  R JUSTE I STAN  CARD  DEVIATION  = ...  1.4739S5F  00 


= 'JO  2 512  X i;  BER  = 0 

= 3 | 

= 16.4  14.7  16.7  17.5  16.7  13.7  15.6  16 


NUMBER  OF  OBSERVATIONS 3 

MEAN  = *bR  * SUM  ( X ( I ))/  !J  ..........  1.4275  OOF  <1 

MEDIAN  1.51000  0L  01 

RANGF 4.3  0 00  COE  CD 

UNADJUSTED  (BIASED)  VARIANCE  = 

SUM(  ( K(  I ) -<bR>  **2>  /N  = UVR 2.767375k  Or 

UNADJUSTED  STANDARD  DEVIATION  = ...  1.664  144F  0 0 

= NQ  7 512  x 0.  75;  BER  = IO”3 

= 3 1 

= 17.5  14.9  13.2  19.3  16.3  15.5  19  14.7 


NUMBER  OF  OBSERVATIONS 3 

yttAN  = <BR.  = SUM(y(i)>/N  1.53 125  OF  CM 

ML  IIaM  1 • 6 0 0 0 0 (i E CM 

RAN  OF  3 • 3 0 0 0 G OF  0 0 

UNADJUSTED  (HaDFL)  VARIANCE  = 

STN  ( ( M ( I ) -MbT>  # * 2 > AN  = ,M,R 1.271Q94F  00 

UN AL J U£TE  D ST  mN  DAT'D  DEVIATION  = •••  1.127426k  00 

-4 

= A)  3 512  x 1;  BER  = 10 

= 6 1 

= 13.3  lb  1 5.  S 13.4  16.4  17.6  12.7  15.6 


NUMBER  OF  OBSERVATIONS  

MEAN  = XBR  = SUM  ( X ( I > > /N  1.676  0 0 Or 

MEDIAN  

RANGE 

UNADJUSTED  (BIASED)  VARIANCE  * 

SUM( (*( I **2>/N  = UVR  .... 

UNADJUSTED  STANDARD  DEVIATION  = 


1. 6 7 S 0 0 Or 

0 1 

1 . 7 S 0 0 0 0 1 

0 1 

4. 400UOUF 

00 

2.3  15  0001 

oo 

|. 6 77  7 7 6L 

0 0 

NO  8 256  x 2;  BER  = O 

= 3 1 

= 13. 3 14  13.6  12.6  13.>  IS.  ' 


1 . ) P.  1 


nulled  of  oe servati  On * 

•ITAN  = ■<  BF  = SUM ( X ( I ) > /N  I • 5 1 1 2 6 0 E Ol 

ME" LI  AN  * l»560C0Vt  01 

r an gf  4* 7qo root  o o 

’>NALJT"STFL  (BIASED)  MA1IANCE  * 

SUM( ( M( I ) -MBR) * *2>/N  = ”VR  2. 3035941  00 

UNALJUSTEL  STANDARD  LEVIaTION  * •••  1.6  1 7757E  0 0 

-3 

= NO  4 512  x 1;  BER  - 10 

= 3 1 

= 13.7  13.6  14.3  13.6  13.5  14.4  15.7  17.3 


N’lMLEP  of  oust  ' "aTIONS  * 

MF  AN  * XBD  * S"M(  y ( I ) > /•)  1 • 4 7 c l1  C Ot  Cl 

MEDIAN  1.40000  Ct  0 1 

RANGE  6.  60000 0E  0 0 

'•N  ADJUSTED  < BIASED  VARIANCE  = 

SIM(  ( X(  I ) -Mbn)  * *2)  /N  = UVR c . 7 000  0 01  J 1' 

UN  ADJUSTED  STANDARD  DEVIATION  = ...  *.  337467V  TO 

*MCl  9 256  x 2;  BER  = IO”3 

= 9 1 

= 13.3  IS  16.4  13.3  17.7  15.7  14.7  I ^ . 2 13.3 


fA 

-1- 


NUMBER  of  observations * 

MEAN  = <b'"  = SfTM(  X(  I ) > /*)  1 • 46625 0E  0 1 

MFDI  AN  1*  440000F  01 

RANGE  4.30  00  OOF  00 

"nacjustfd  (EIaSED)  variance  = 

St'm  ( ( x < I > -X  BR>  * * 2> /N  = UVR  |. 399344'  00 

T’N  ADJUSTED  STANDARD  DEVI  ATI  ON  = ...  I-3  73  343F  00 

*N  >5  512  x 1;  BER  - IO"2 

= 3 1 

= 13.6  II  12.3  14  13.2  14.1  12.3  1?.  I 


NVM'-FR  OF  ObSFFV/iTI  J'l  S 3 

MFAJ  = XBD.  = S”M(<(I>>/M  1. 6 0333  9 1 Cl 

ME  LI  Al  1 . M 0(  0 01  l 1 

PAN  G F A. 4 U COO  0b  CIO 

UNADJUSTED  (BIASED)  RADIANCE  = 

SUM  ( ( X ( l ) -x  BR)  • » 2)  / j = UVR 1 • 7 r i ' 7 3 3 F u 

UNADJuSTtD  STANDARD  DE,rI  ATI  ‘i?J  = ...  1.311364E  00 


= M • 10  256  x 2;  BER  - 0 

= i I 

= 13.7  13.4  17.7  1 6 • 9 13.2  12.1  13.7  |i.4 


N ’ *M BE D rJF  OBSERVATIONS 

MEAN  * "'LR  * S"M( X( I > > /N 

MEDIAN  

Range  

’ "N  / • L J U f,  T E C (BIASED  '.Mil/ CF  = 
S"M( (X( I >-vt R> • #2) / N = "7ft  .... 
un/ r JUSTE  I STANlARt  DEVIATION  = 


23  5 C 0 OF 

0 1 

32  00  OOF 

0 1 

1 OOCOOE 

0 0 

950000! - 

0 1 

b 6 7 S 4 or- 

0 1 

B-  12 

NUMBER  'IF  OBSERVATIONS 3 

mean  * yL<n  = s”M(y(i)>/M  i.sscooct  ci 

MEL" I AN  1 . * 7 HUOOt  CM 

RANGE 6.  1 00  0 00 1 oc 

UN  ADJUSTED  (BIASED)  TAfl/uNlF  = 

SUM(  ( X ( I > -XLD  • * 2)  /N  = U'n  ^.SSGOCGL  i |j 

ITJAIJUSTED  STANDARD  DEVIATION  = ...  2.  376973!*  00 


. ++  *<  -#»- ' ii 


**  Vw  • 


XIB43A0 


•dja^ui 

0 = 039  'Z  x 952 


XieaaAo 

•dja^uj  \\ljn 
0 » H30  i2  x 953 

c_01  = 039 

2 x 952 

0=  039 

2 * 952 

e.0I  = 039  -SL 

*0  x 215 

0 = 039  ?52 

*0  x 215 

2-01  = 039 

I * 215 

C-0I  = 039 

T x 215 

<7-01  = 039 

I x 215 

0 = 039 

I x 215 

aujx^seg 

Vertical  calculations  delete  deviation  due  to  film  strips 


GROUND  ZERO  (SECCKDS) 


•’-jeassr  awr? 


Figure  B-2  Statistical  Summary  of  Simulation  Results 


APPENDIX  C 


VIDEO  COMPRESSION  EVALUATION  ORIENTATION 


This  appendix  contains  the  text  of  a standard  Air  Force- 
supplied  briefing  chart  given  to  each  test  subject  to  read 
prior  to  performing  test  runs.  This  chart  was  intended  to 
ensure  that  all  subjects  had  the  same  understanding  of  the 
purpose  of  and  method  of  performing  the  tests.  Each  subject 
was  given  as  much  time  as  he  required  to  read  and  understand 
the  text. 


- TEXT  - 

^You  are  an  observer  in  a study  whose  purpose  is  to  determine 
the  maximum  distance  at  which  most  observers  can  reliably  locate 
each  of  a variety  of  known  man-make  objects.  You  will  be  viewing 
a television  screen  (or  CRT)  which  displays  the  moving  scene 
included  in  the  field  of  view  of  a television  camera  aimed  far 
ahead  of  the  aircraft  in  which  it  is  mounted.  The  aircraft  that 
took  the  pictures  flew  level  at  a low  altitude  and  at  a speed  of 
over  400  knots.  At  the  start  of  the  TV  picture  the  object  to  be 
found  is  five  to  six  miles  away  from  the  aircraft.  It  will  some- 
times be  considerably  off  center  of  the  TV  display.  It  rapidly 
moves  closer,  enlarging  in  size  and  clarity  of  details  as  its 
image  moves  down  the  display.  Usually,  but  not  always,  not  even 
a "blob"  (an  unresolved  or  featureless  blur)  of  the  object  of 
your  search  is  seen  for  awhile.  In  less  than  a minute  from  the 
start  of  the  run  the  image  of  the  object  to  be  found  has  moved 
off  of  the  picture  at  the  bottom  of  the  TV  screen.  The  objects 
on  the  terrain  that  you  will  be  seeking  include  bridges,  buildings, 
a dam,  etc.  Some  of  the  objects  are  large  and  conspicuous,  being 
easily  designated  at  long  ranges,  while  others  are  not  easily 
found  until  they  are  quite  close  to  the  aircraft.  Different 
groups  of  observers  will  all  view  the  same  TV  pictures,  but  some 
groups  will  have  clearer  pictures  than  others,  some  will  have 
noisy  and/or  very  jerky  pictures,  etc.,  i.e.,  different  groups 
will  be  tested  under  different  conditions. 


T. 


Your  task  is  to  find  and  designate  objects  with  which  you 
have  become  familiar  before  you  start  viewing  the  television 
display.  You  will  know  in  advance  what  the  object  sought  looks 
like,  where  it  is  located  on  a map  and  where  it  is  in  relation  to 
terrain  features,  i.e.,  in  the  televised  scene.  To  gain  this 
advanced  familiarity  with  the  appearance  and  location  of  the 
objects,  it  will  be  necessary  for  you  to  carefully  examine  in 
detail  each  of  three  briefing  aids:  a map  and  two  glossy 

8"  x 10"  photographs.  One  of  the  photos  was  taken  by  a hand- 
held camera  at  a distance  of  about  three  miles  from  the  ground 
object  of  interest,  while  the  other  was  taken  from  a distance 
of  about  one  mile.  Keep  in  mind  the  fact  that  the  photographs 
were  not  taken  from  the  same  flight  path  as  were  the  TV  "movies", 
so,  while  they  present  the  same  side,  etc.,  do  not  expect  the 
object  for  which  you  are  searching  to  appear  at  the  same  location 
on  the  TV  display  as  on  the  photos.  Thus,  on  the  photo  the  bridge, 
etc.,  may  be  in  the  center  of  the  picture,  but  on  the  TV  screen 
it  may  appear  well  to  one  side  of  center,  or  it  may  not. 

The  present  study  is  not  concerned  with  the  range  at  which 
an  object  is  so  clearly  shown  on  the  TV  screen  that  you  can  be 
certain,  from  the  image  of  only  the  object  (without  regard  to 
location),  that  it  is  the  object  that  you  seek.  You  should  be 
able  to  point  to  the  object,  with  some  confidence,  well  before  it 
is  so  close  to  the  aircraft  that  it  is  depicted  as  a large  and 
highly-detailed  image  on  the  TV  screen.  Your  aim  is  to  point  to 
the  object  while  it  is  far  away  from  the  aircraft.  Point  to  it, 
if  you  can,  while  it  is  so  far  away  that  its  image  is  only  an 
unresolved  blob  on  the  screen,  a blob  that  has  to  be  the  object 
that  you  seek  because  it  is  in  the  right  location  on  the  ground. 
However,  do  not  point  to  a place  where  not  even  a "blur"  or  "blob" 
can  be  seen  simply  because  it  appears  in  the  correct  position: 
you  must  see  something  at  the  location,  even  if  no  distinguishing 
details  are  present. 

During  the  test  runs  the  photographs  of  the  object  of  your 
search  will  be  on  display  along  side  of  the  TV  display  so  that 
you  can  refer  to  them  as  frequently  as  necessary.  However,  do 
not  expect  the  TV  picture  to  be  as  "clear"  as  the  photographs 
nor  to  be  taken  from  exactly  the  same  place  in  space. 

On  each  of  the  briefing  aids  the  object  to  be  found  is 
designated  by  an  arrow  and  the  briefing  aid's  label  includes 
the  name  of  the  object.  Carefully  study  the  map  and  the  pictures 
so  that  you  can  quickly  locate  the  object  that  you  seek  by  use 
of  other  objects  and  terrain  features  that  precede  and/or 
surround  it  in  the  scene.  The  context  is  important:  reliable 

long  range  designation  is  highly  dependent  upon  knowing  where 
the  object  is  in  the  scene,  i.e.,  in  context." 
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This  appendix  analyzes  the  data  collected  during  the  experimental  pro- 


gram and  attempts  to  determine  its  significance.  This  task  is  somewhat  diffi- 
cult because  of  the  way  the  tests  were  specified.  Because  each  group  of  ob- 
servers performed  tests  on  only  one  set  of  parameters,  these  parameters  are 
correlated  with  group  capability  differences  which  may  have  existed  even  though 
an  attempt  was  made  to  select  observers  at  random  from  what  was  considered  to 
be  one  population  (viz.  airmen). 

If  each  group  could  have  performed  one  test  on  each  set  of  parameters, 
the  capability  of  a given  operator  would  have  affected  each  system  in  a like 
manner. 

The  procedures  and  assumptions  which  will  be  described  were  arrived  at 
through  discussions  with  Aeronutronic  Ford  employes  who  have  had  experience  in 
statistical  analysis  and  testing.  All  agreed  that  results  are  confounded  by 
the  observer  variability. 

Several  basic  rules  were  followed  throughout  the  tests.  They  are: 

1.  Slant  range -to-target  values  at  the  time  of  detection  were  nor- 
malized to  give  them  equal  weight  in  determining  the  overall 
performance  of  a given  system.  The  rationale  for  this  procedure 
is  that  a target  which  is  only  visible  for  a short  time  at  the 
■ end  of  a run  cannot  be  detected  at  as  great  a range  as  one  which 

is  visible  for  a long  time.  If  compared  on  an  absolute  basis, 
short  range  targets  would  contribute  very  little  to  the  analy- 
sis. Therefore,  a detection  slant  range  for  a certain  system 
and  for  a particular  target  was  normalized  by  dividing  it  by 
the  mean  observer  detection  slant  range  determined  for  the  same 
target  during  the  baseline  test.  The  baseline  was  used  because 
intuition  suggested  that  the  baseline  would  be  the  "best"  system 
tested.  The  data  which  will  be  presented  later  in  this  appendix 
tends  to  bear  out  this  conclusion, 
f 

The  normalized  values  are  interpreted  as  the  "slant  range  at  the 
time  of  detection  for  a given  set  of  parameters  relative  to  what 
would  be  obtained  for  a given  target  with  a baseline  system." 


».  The  above  criterion  is  used  in  lieu  of  a definition  of  target 

detection  difficulty  or  a criterion  for  absolute  detection  time 
in  terms  of  how  much  time  must  be  allowed  after  detection  for  the 
remainder  of  the  RFV  mission  to  be  a success.  If  such  an  absolute 
time  existed,  it  is  realized  that  much  data  and  indeed  some  tar- 
gets would  have  to  be  banned  from  the  study  because  they  cannot 
be  detected  in  time,  even  by  the  "perfect"  baseline  system. 


2.  No-detects  were  treated  as  targets  detected  at  zero  slant  range. 

An  alternative  would  have  been  to  ignore  the  no-detects  and  base 
computations  only  on  the  number  of  actual  detections.  The  decision 
to  assign  a. zero  value  to  no-detects  resulted  from  the  observation 
that  the  number  of  no-detects  increased  with  decreasing  resolution 
and  to  a slight  degree  with  increasing  error  rate. 

Targets  which  most  often  caused  no-detects  were  the  Piru  Bridge 
(#12)  and  the  Bridge  180  Degrees  (#2).  This  is  not  surprising 
since  these  targets  are  small  and  have  low  contrast  with  their 
surround.  Since  no-detects  showed  a definte  trend,  it  was  decided 
that  they  represented  real  data  and  their  effects  should  be  in- 
cluded in  the  statistical  calculations. 

Assuming  zero  slant  range  results  in  a stiff  penalty,  this  assump- 
tion may  be  justified  if  missing  the  target  constitutes  a mission 
failure . 

3.  Comparisons  were  based  on  calculated  means.  The  mean  was  used 
because* 

a.  It  is  a commonly  accepted  quantity. 

b.  It  lends  itself  to  further  statistical  treatment.  For 
example,  the  means  of  several  sets  of  data  can  always  be 
combined  into  an  overall  mean  for  all  the  data.  Also,  means  can 

be  compared  statistically  for  the  significance  of  obtained  difference 

c.  It  is  relatively  reliable  in  the  sense  that  for  sample 
data,  it  is  generally  not  strongly  affected  by  chance  as 
some  of  the  other  measures  of  location. 

D.2  Basic  Calculations 

The  values  of  Time-to-Detect-to-Ground -Zero  reported  in  Appendix  B of 
this  report  were  converted  to  slant  range  and  are  shown  in  Tables  D-l  through 
D-10.  For  each  target,  a mean  and  standard  deviation  were  calculated  accord- 
ing to  the  formulas : 

Mean  X = £X  where  each  X is  a slant  range  value  and  n is  the 
n number  of  observations. 

I 2 

/ „ This  is  the  form  used  by 

Unbiased  Sample  Standard  _ / £X2 - n the  Hewlett  Packard  HP25 

Deviation  S \l  n-1  on  which  the  S values 

" were  computed. 

D.3  Normalization 

All  values  of  X and  S in  Tables  D-l  through  D-10  were  normalized  to  the 
mean  for  the  corresponding  target  of  the  baseline  runs.  Thus  all  baseline 


* Freund,  John  E.,  "Statistics,  A First  Course",  Englewood  Cliffs,  New  Jersey, 
Prentice-Hall,  1970. 
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Table  D-6  Slant  Range  at  Detection  for  512  X 0.75,  BER  = 0 - Data  from  Table 


<fr-HOOOOmrHOrH 

mooiNCNja>cO'd-oo 

CNOOvOvOHOOO\00 

incoNOvococoinco 


•— • oo  <t  no  in 

<t  uo  uo  on 

r-4  cm  o 

r— I o in  ON  ON 


ininmHooi^in 

ONHONsfi-^rsHH 

rH<frHrHinn-co>j- 

fncOnHCMONNCO 


O nO  O CO  O H 

H ON  o H 1^  <f 

inr^vooin^  fM  rH 

CM  ON  00  00  CM  ON  r— I 


CO 

00 

i — t 

in 

in 

n 

CO 

NO 

o 

o 

in 

00 

rH 

ON 

in 

rH 

o 

CM 

o 

<r 

00 

CO 

rH 

CM 

CO 

o 

oo 

o 

CO 

CO 

in 

fM 

oo 

in 

CM 

o in  O on  on  o O 

CM  H CM  00  00  CM  CM 

-)<  o ro  r\  [s 

uo  oo  n no  no  uo  in 


n-vor^r^inNDoovO 
con-cocorHr^inr*- 
i — f — r — r^-  r — -<f 

n*  on  n-  r^.  co  on  o on 


O 

in 

uo 

o 

UO 

NO 

O) 

in 

rH 

ON 

CO 

ON 

r-H 

ON 

CO 

o 

oo 

in 

O 

rH 

uo 

o 

ih 

CM 

r-H 

CM 

ON 

CO 

CM 

ON 

On 

P 

CM 

UO 

NO 

00 

in 

uo 

NO 

uo 

UO 

uO 

ON 

r>» 

UO 

ON 

ON 

rH 

r— 1 

NO 

nO 

o 

r*. 

<r 

o 

o 

CM 

nO 

ON 

ON 

o 

ON 

ON 

ON 

00 

oo 

ON 

oo 

oo 

U0  CO 

00 

o 

00 

n- 

CM 

■"M 

oo 

rH  O 

CM 

iH 

NO 

rH 

nO 

oo 

CO  O 

nO 

in 

co 

uo 

r-H 

rH 

NO 

CO 

r-  oo 

nO 

CM 

On 

NO 

CO 

rH 

r-H 

rH  rH 

r-H 

rH 

rH 

rH 

rH 

cm  m <t  in  ^ n oo  aj  | x 

0)  w 

l a 


<U  > 

r— ( Cl) 

Q /*s 

S c n 

crj  • w 
cn  T3 
4J 
W 


OJ92  = aSueg 
3UB];s  33333(1  on 


pajouSi 

S5D333Q  ON 


M*.  it  . >•  *1*1  i -»  MU  ■ • »<* 


• -> 


f 


oo  vO  r-*  m in  «-h  is 

in  cm  oo  «-h  os  oo  cn 

<t  oo  -)c  oo  <f  o oo  is 

O r-j  co  oo  os  cn  rs 


m 

cn 

o 

o 

in 

r-H 

o 

o 

rH 

os 

o 

in 

r-H 

rs 

t-H 

sO 

CM 

CM 

00 

i-h 

CM 

in 

rs  <f 

O 

is 

in 

00 

cn 

in 

OJ 

Os 

00 

rs. 

in 

Os 

cn 

r— I 

r-H 

r-H 

OS 

00 

o 

r-H 

o 

o 

is. 

i-H 

o 

sO 

00 

in 

i-H 

<t 

r-H 

CM 

cn 

sO 

00 

CM 

cn 

<f 

un 

r-H 

in 

rs 

rs. 

O 

r-H 

00 

so 

O 

CM 

r-H 

CM 

in 

rs 

rs 

Os 

CM 

r— 1 

r-H 

r-H 

r-H 

sO 

i-H 

00 

00 

rH 

r-H 

sO 

m 

Os 

CM 

CM 

in 

in 

CM 

CM 

rs 

00 

r-H 

sO 

CM 

<i-  ’-i 

r-H 

00 

r-H 

rH 

r-H 

sO 

in 

o 

r-H 

r-H 

r-H 

CM 

CM 

rH 

r-H 

t-H 

r-H 

t-H 

r-H 

r-H 

rH 

r-H 

CO 

o 

00 

in 

o 

i-H 

rH 

os 

r-H 

m 

t-H 

CM 

os 

r-H 

00 

<f 

00 

rs 

<1- 

in 

sO 

t-H 

m 

00 

r-H 

-X 

CM 

oo 

o 

CM 

sO 

cn 

CM 

cn 

t-H 

r-H 

r-H 

i-H 

r-H 

r-H 

r-H 

r-H 

r-H 

rH 

osooosihooooo 

OOCMCMOOsOinCMin 

cnrsp'-moorso 

Oini^vorsinioin 


fs  h n h in  is  o 

n o o vO  h n cm 

is  o <t  o <fr  rs  rs 

rs  n is  oo  rs  to 


m 

OS 

IS 

sO 

sO 

r-H 

OS 

o 

CM 

oo 

t-H 

oo 

cn 

rs 

rs 

sO 

00 

CM 

m 

<f* 

cn 

rs 

rs 

rs 

o 

cn 

rs 

sO 

m 

00 

sO 

rs 

Os 

Os 

rs 

sO 

in 

rs 

rH 

vOMnmmMnvo 

r^mosONr-ico«— icm 
rsrsoo<frs<}-oo 
GNrsosoNoofsooH 


sf 

sO 

o 

oo 

00 

SO 

rH 

cn 

o 

in 

CM 

mJ- 

in 

rs 

CM 

CM 

oo 

00 

i-H 

rs 

oo 

os 

CM 

cn 

sO 

00 

oo 

sO 

cn 

o 

i-H 

m 

m 

Os 

sO 

i-H 

cn 

m 

cn 

CM 

rH 

r-H 

rH 

rH 

r-H 

rH 

rH 

rH 

cm  n <t  in  vc  oo  n)|X 

<D  'w' 

a 


e co 

Cd  • w 
CO  XJ 


o.iaz  = aSuBH 

3UB^S  33333Q  ON 


paaouSi 
s^DO^aa  on 


V --VT.  Jt 


vO 

nO 

00 

co 

sO 

oo 

oo 

m 

CM 

00 

r>» 

CM 

CM 

in 

m 

m 

i— i 

oo 

00 

00 

nO 

<fr 

r-* 

<f 

<1- 

m 

O 

o 

ON 

H 

sO 

o 

os 

O 

o 

CM 

m 

H 

H 

H 

rH 

tH 

rH 

H 

ON 

o 

<1- 

o 

sO 

m 

rH 

00 

O 

00 

CM 

in 

CM 

H 

Mf 

00 

rH 

m 

r- 

CM 

r^. 

-X 

r— l 

m 

nO 

m 

m 

in 

OS 

oo 

rH 

i"* 

rH 

rH 

HONOiO'NOin 

vOCNJ^OOOCOntNH 

or^inmmr'-r^vt 

["-m^NOsor-moo 


sO 

NO 

r-> 

00 

r^. 

i— < 

in 

CM 

in 

CM 

CM 

m 

m 

m 

oo 

rH 

in 

00 

ON 

00 

00 

r^- 

r-~ 

00 

m 

sO 

-ct 

I — 1 

rH 

o 

r- 

m 

r^ 

o 

CM 

iH 

rH 

iH 

rH 

rH 

CM 

rH 

CO 

m 

o 

o 

NO 

rH 

I*". 

o 

m 

os 

iH 

rH 

oo 

CM 

oo 

<t 

o 

m 

* 

* 

in 

r-s 

00 

m 

-cl- 

O 

os 

CM 

CM 

ON 

m 

oo 

in 

rH 

rH 

rH 

i — i 

on  on  »— i o r-^  o 

oo  oo  sO  CM  m CM 

mm*  o 

no  no  in  r«»  in 


aNr^inrHr^r^r^aN 
co  m r- i no  m m m oo 
mr^-<}-or^r^r^m 
vDMX)NrsNrsvO 


so  in  m m f— i 

r^.  rH  O'  O'  \Q  vO 

* <f  o 4c  o o m 

Os  00  OS  ON  N <J- 


nO 

o 

rH 

rH 

o 

oo 

r-* 

<t 

00 

oo 

in 

rH 

m 

CM 

ON 

00 

00 

CM 

m 

* 

-Jj 

iH 

in 

ON 

m 

m 

m 

in 

CM 

o 

NO 

rH 

rH 

rH 

rH 

rH 

rH 

-d- 

rH 

o 

vf 

m 

rH 

o 

CM 

m 

00 

ON 

in 

m 

ON 

00 

SO 

ON 

CM 

00 

NO 

* 

CM 

CM 

o 

00 

NO 

r-. 

in 

m 

00 

in 

m 

ON 

m 

CM 

in 

rH 

rH 

i— 1 

rH 

i— i 

iH 

iH 

m m m o in  co  cfl  | X 

0) 

S 


e v> 

o3  • •v-' 
CO  'O 

u 

CO 


ojaz  = aSuey 
3UBJS  aaa^aQ  on 


paaouSi 

sqoaqaa  on 


.W'i« t jf.  u y«.Hh».  » **• 


" V*.1 


r ’ 


t, 

f] 


% 

5 

r 


T* 


& 


i 

* 


o 

00 

in 

O 

o 

o 

r—4 

co 

CM 

oo 

00 

r—4 

r—4 

r-4 

vO 

in 

i—4 

<t 

CM 

<f 

o 

O 

oo 

oo 

co 

r—i 

1 

r-4 

ON 

ON 

* 

i—4 

o 

f>* 

o 

CM 

in 

CQ 

o 

00 

uo 

U0 

UO 

r—4 

00 

o 

CO 

CM 

0) 
i— 4 

-Q 

CO 

H 

i—4 

r—4 

i—l 

rM 

r—4 

r—4 

r—4 

i—4 

T— 4 

CO 

r— 1 

n 

r—4 

00 

t— 4 

co 

uo 

o 

in 

vO 

vO 

o 

<t 

i—i 

vO 

00 

oo 

CO 

o 

6 

O 

O 

o 

r—4 

<t 

o 

co 

oo 

<t 

O 

r—4 

o 

r- 

1^ 

oo 

r—4 

00 

ON 

co 

i—4 

n 

u 

l—l 

i—l 

i—4 

r—4 

r—4 

*4-1 

ctf 

4J 

CTJ 

i—4 

uo 

00 

O 

ON 

r—4 

nO 

o 

co 

o 

Q 

co 

co 

nO 

r—4 

CM 

CM 

00 

CM 

U0 

vO 

o 

r>- 

O 

NO 

OO 

r—4 

00 

CO 

nO 

r—4 

G 

r^. 

4^ 

oo 

nO 

uo 

NO 

i—4 

r—4 

ON 

CO 

0 

i—4 

i—4 

r—4 

•r-4 

U 

CO 

r-M 

00 

o 

m 

i—4 

o 

oo 

vO 

i—l 

<r 

r—4 

r—4 

O 

CL 

co 

os 

i—4 

in 

oo 

in 

NO 

CO 

00 

co 

in 

Cl 

i— i 

O 

»—4 

U0 

* 

r^* 

00 

CM 

CM 

vO 

<D 

ON 

r—4 

CM 

o 

ON 

CO 

U0 

o 

r—4 

CM 

4-1 

i—4 

i—l 

i—i 

r—4 

i—4 

r—4 

r-4 

G 

M 

o 

nO 

i—4 

o 

CO 

in 

UO 

00 

ON 

NO 

00 

CM 

n 

H 

00 

O 

r—4 

r—4 

CO 

00 

r* 

ON 

II 

i—4 

r^. 

00 

ON 

O 

* 

CO 

n 

00 

U0 

nO 

T~1 

• 

ON 

CO 

UO 

00 

00 

ON 

CM 

vO 

a: 

O 

i—l 

r—4 

r-4 

i— 4 

i—4 

i—4 

r—4 

w 

2 

CQ 

4-1 

a; 

CM 

60 

ON 

o 

r-4 

nO 

CM 

00 

o 

t— 4 

Ci 

CM 

00 

CM 

NO 

ON 

oo 

ON 

X 

cO 

'£ 

* 

CO 

•>c 

•Jc 

* 

O 

CO 

CO 

co 

nO 

H 

vO 

UO 

CM 

CO 

vO 

NO 

in 

CM 

Cl 

o 

ON 

o 

ON 

r— 1 

ON 

ON 

r** 

4-1 

CM 

00 

CM 

oo 

NO 

oo 

co 

uo 

r—4 

n 

<t 

U0 

1—4 

CO 

CO 

o 

co 

* 

ON 

r-4 

r—4 

ON 

g 

nO 

uo 

NO 

nO 

<f 

CO 

NO 

NO 

o 

nO 

»r4 

4J 

O 

<D 

■U 

m 

i— i 

r—4 

uo 

ON 

U0 

in 

in 

CO 

00 

nO 

o 

0) 

»— 4 

NO 

sO 

ON 

00 

r—4 

i-H 

UO 

1—4 

00 

CO 

ON 

Q 

o 

o 

o 

ro 

* 

<t 

oo 

ON 

00 

ON 

oo 

f^» 

ON 

sO 

00 

00 

vO 

CM 

4-1 

CO 

QJ 

to 

a 

H 

r—K 

00 

00 

uo 

n 

sO 

nO 

o 

CO 

r* 

<t 

<f 

uo 

in 

CO 

ON 

r—4 

r-4 

o 

4-4  1 

o- 

r— 1 

r-M 

i—4 

O 

<r 

CM 

r—4 

O 

i—4 

r-4 

o 

o 

ON 

00 

ON 

ON 

r-4 

Q> 

u 

H 

r-4 

r—4 

r—4 

XJ 

c 

CO 

QJ 

a i 

r—4 

CO 

o 

m 

o 

00 

U0 

oo 

o 

o 

2 

<fr 

4 

ON 

CM 

ON 

uo 

uo 

CM 

uo 

CM 

o 

o 

rH 

ON 

t— 4 

ON 

nO 

l—l 

CM 

CM 

vO 

CM 

CO 

r—4 

"$C 

i-*4 

m 

CO 

uo 

nO 

oo 

in 

in 

vO 

UO 

r—4 

1 

i—4 

r—4 

i—4 

r— 1 

r—4 

r-4 

r—4 

r—4 

i—4 

Q 

G 

qj 

O 

r-4 

•H 

-d 

cO 

Cl 

u 

4-1 

. 

H 

qj 

QJ  > 

u 

U 

> 

> 

G ,/*N 

r—4  QJ 

<y 

•H 

c.O 

QJ  QJ 

c< 

i—4 

CM 

CO 

UO 

NO 

00 

«lx 

CL  Q ^ 

u 

U-4 

CT3|X 

r-4  Q /~N 

Qj 

(U  w 

& C/5 

u 

•H 

QJ  w 

CL  C/5 

CO 

6 

s 

Ctf  • 'w' 

o 

XJ 

X 

6 • N^ 

CO  XJ 

o 

G 

n 3 tj 

4J 

QJ 

C/5  4J 

CO 

XJ 

CO 

/ 

M 

J 

oaaz  = a3uu}j 

paaouSi 

3UBXS  on 

s^oaaaa  on 

D-12 

targets  have  a mean  detection-slant  range  of  1.00  or  100%.  Values  for  "S.X  and 
SX^  for  each  target  of  each  system  were  calculated  and  saved.  Normalized 
results,  although  not  expressed  in  absolute  slant  range,  show  the  relative 
performance  of  the  various  systems. 

D.4  System  Comparison 

_ o 

Using  the  'z.X  and  £X  values  calculated  in  D.3  above,  a Grand  Mean  and 
Sample  Standard  Deviation  was  computed  for  each  of  the  ten  sets  of  parameters 
(including  the  baseline).  These  results  are  plotted  in  Figure  D-l.  The 
values  are  positioned  so  that  sets  of  parameters  representing  a given  system 
are  grouped  together.  The  dot  in  the  center  represents  the  normalized  grand 
mean  for  the  particular  set  of  parameters.  The  vertical  bars  represent  the 
range  included  by  + one  sample  standard  deviation.  The  circled  numerals  are 
the  number  of  no-detects  for  each  set  of  parameters.  The  dotted  bars  on  the 
512  x 1 x OBEX  and  256  x 2 x OBER  are  discussed  in  Section  D.5  of  this  appendix 

The  mean  values  follow  a trend  which  might  be  expected  in  an  intuitive 
sense,  namely: 

1.  The  512  sample  density,  1 bit  per  sample,  1 frame  per  second 
system,  has  a mean  detection  slant  range  which  is  only  14% 
shorter  than  the  baseline  system;  its  data  rate,  however,  is 
24  x 6 = 144  times  lower  than  the  24  frame  per  second,  6 bit 
PCM  baseline  system. 

2.  The  mean  values  of  the  detection  slant  ranges  for  the  three 
compressed  systems  (512  x 1,  512  x 0.75  and  256  x 2)  decrease 
with  increasing  transmission  error  rate. 

3.  The  performance  of  the  512  x 1 and  512  x 0.75  systems  are 

essentially  the  same.  NOTE:  The  zero  BER  points  of  the  two 

systems  are  somewhat  different,  however,  the  10~3  mean  values 
are  similar.  There  is  no  intuitive  explanation  for  the  dif- 
ference so  additional  tests  of  the  512  x 0.75  system  with  zero 
BER  were  run  using  labroatory  personnel.  These  tests  produced 
an  overall  mean  value  approximately  equal  to  that  of  the  512  x 1 
system.  This  limited  sample  result  suggests  that  the  observers 
used  in  the  original  512  x 0.75  test  may  have  all  been  exception- 
ally good.  It  should  be  pointed  out  that  the  512  x 1 system 
produces  better  subjective  quality  than  the  512  x 0.75  system. 

4.  The  256  x 2 system  (with  and  without  interpolation)  produces 
lower  mean  detection  slant  ranges  and  greater  deviations  than 
the  512  systems.  The  large  numbers  of  no-detects  are  particu- 
larly disturbing  because,  in  a sense,  they  indicate  complete 
mission  failure. 

D.5  Determination  of  Data  Significance 

Analysis  of  the  results  shown  in  Section  D.4  was  complicated  by  the 
organization  which  was  specified  for  the  test  program.  It  would  be  desirable 
to  determine  the  degree  of  confidence  in  a hypothesis  that  the  distribution 
of  means  is  due  to  different  system  parameters  and  not  merely  to  chance.  It 
would  be  desirable  to  know  what  portion  of  the  variances  (actually  standard 
deviations  are  plotted)  is  due  to  operator  differences,  what  portion  is  due  to 
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target  differences,  what  portion  is  due  to  operator  learning,  and  finally,  what 
portion  is  due  to  system  parameter  differences.  Unfortunately,  although  many 
data  points  were  taken,  only  small  groups  of  data  can  be  tested.  The  follow- 
ing tests  and  analyses  were  conducted,  mainly  to  compare  512  and  256  perfomnce: 

1.  The  first  step  was  to  compute  the  standard  error  of  the  mean 
for  each  set  of  system  parameters.  This  was  accomplished  by 
dividing  each  sample  standard  deviation  by  jir  , where  n = number 
of  observers  x number  of  targets  for  a given  set  of  parameters. 

Hence : 

cr_  = S 

x 

The  values  which  are  plotted  as  bars  around  the  mean  value  in 
Figure  D-2  represent  the  expected  standard  deviation  of  the 
mean  if  a large  number  of  samples  had  been  taken  with  other 
observers  and  targets  (all  taken  from  the  same  populations  of 
observers  and  targets).  The  significance  given  to  the  results 
of  Figure  D-2  is  that  the  degree  of  overlap  between  two  bars 
is  indicative  of  the  degree  of  confidence  that  true  system 
differences  are  shown  by  the  data.  No-overlap  suggests  large 
real  differences,  large  overlap  might  suggest  that  random 
effects  are  significant.  The  results  generally  show  that 
differences  are  significant  except  between  the  256  x 2 system 
with  interpolation  and  the  256  x 2 system  without  interpolation 
Interpolation  does  not  seem  to  be  worthwhile  from  a target 
detection  point  of  view.  Its  merit  would  have  to  be  determined 
strictly  from  an  aesthetic  point  of  view. 

2 

2.  AX  (chi  squared)  test  was  performed  on  the  data  points  of  the 
512  x 1 system  with  zero  BER  and  on  the  256  x 2 system  with  zero 
BER  to  test  the  hypothesis: 

H:  there  is  no  significant  difference  between  the  512  and  256 

results,  the  result  confounded  by  operator  variability. 


Interpolation 


The  following  table  was  constructed  listing  the  number  of  data 
points  which  fall  within  each  range: 


i . 


Normalized 
Range  Interval 
(%) 

512  x 

1 X 

0 BER 

256  x 
2x 

0 BER 

Pi  = Vij 

n J 

> 105 

VH  " 14 

H 

II 

CM 

H 

> 

Pi  = 0.175 

90-105 

V2i  = 20 

v22  " 11 

p2  = 0.194 

80-90 

V31  ' 17 

v32  = 10 

p3  = 0.169 

65-80 

"41  ‘ 23 

V42  = 11 

p4  = 0.213 

< 65 

Si  * 6 

V52  = 34 

p5  = 0.250 

II 

CM 

-N  Pi)2/N 

A 

(Dl)* 

n^  = 80,  n2 

= 80,  n = 

160 

Solving  equation  Dl, 

f~j  1 

f.  = 28.25 


For  this  example 

m = (r-l)(s-l)  = 4 
since : 

s = 2,  r = 5 

From  a X3  probability  table*,  a value  of  E = 10“^  was  determined  for  4 degrees 
of  freedom  and  X = 28.25.  Therefore,  the  probability  of  the  hypothesis  being 
true  that  "there  is  no  significant  difference  between  the  512  x 1 system  with 
zero  BER  and  the  256  x 2 system  with  zero  BER,  the  result  confounded  by  opera- 
tor variability" is  one  chance  in  10^.  Or  stated  differently,  the  probability  of 
differences  between  the  systems  being  due  to  chance  is  one  in  10^. 

3.  The  general  trend  of  the  test  results  was  as  expected.  For 
example,  the  detection  range  decreased  as  bit  error  rate  in- 
creased, and  also  decreased  as  resolution  decreased.  Because 
of  the  independent  groups  experimental  design,  group  capability 


* Handbook  of  Mathematical  Functions  with  Formulas,  Graphs,  and  Mathematical 
Tables,”  AM  S55 , National  Bureau  of  Standards,  March  1965. 


is  correlated  with  sets  of  parameters  and  it  is  not  possible  to 
obtain  "hard"  evidence  that  the  trends  are  free  from  observer 
differences.  However,  "soft"  evidence  that  groups  of  observers 
have  similar  capability  can  be  inferred  by  showing  that  observers 
within  a group  are  similar.  Since  all  observers  were  taken  from 
a single  population  of  "airmen"  and  no  attempt  was  made  to  screen 
or  organize  the  observers  into  groups  with  similar  talent,  a low 
observer  standard  deviation  would  suggest  that  general  operator 
variability  was  low  and,  therefore,  had  little  effect  on  the 
comparison  of  systems. 

To  make  an  observer  comparison,  the  slant  range  measurements  of 
each  observer  were  averaged  over  all  ten  targets  for  a given  set 
of  conditions.  These  means  represent  the  performance  of  each 
observer  since  all  observers  viewed  the  same  targets,  in  the 
same  order,  under  similar  test  conditions.  The  eight  means  thus 
determined  for  each  set  of  parameters  were  averaged  and  their 
sample  deviation  was  calculated.  The  results  are  shown  as 
dashed  lines  in  Figure  D-l.  For  the  512  system,  the  observer 
standard  deviation  is  0.41  of  the  total  deviation,  for  the  256 
system  it  is  0.34  of  the  total  deviation. 

Since  the  standard  deviation  among  observers  for  each  set  of 
parameters  is  moderate  compared  to  the  total  standard  deviation 
for  the  parameter  set,  it  can  be  inferred  that  observer  varia- 
bility between  sets  of  parameters  is  small,  and  does  not  signifi- 
cantly influence  test  results. 


